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PREFACE 

This  book  is  written  for  those  who  have  Httle 
or  no  knowledge  of  the  subject  of  X-rays.  It  has 
been  the  author's  aim  to  state  elementary  facts  in 
such  a  way,  that  the  student  or  practitioner  who 
reads  the  volume  may  be  able,  when  he  has  finished, 
to  feel  that  he  has  at  least  a  good  general  idea  of 
this  branch  of  medicine. 

The  chapters  on  the  thorax  and  digestive  tract 
have  been  placed  before  those  on  bones  and  joints, 
because  they  have  received  so  much  recent  study 
that  the  future  importance  of  Radiography  is  largely 
bound  up  with  them. 

The  subject  of  Therapeutics  has  not  been  con- 
sidered, as  it  is  now  so  large  and  important  a  branch 
that  it  merits  a  complete  volume  for  itself.  Owing 
to  the  fact  that  the  author  is  on  service,  it 
has  been  difficult  to  lay  hands  on  books  or 
articles    for   reference;    and    for    any    inaccuracies 
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in    consequence    the    indulgence    of    the    reader   is 
asked. 

A  debt  of  gratitude  is  due  to  Sister  Attwood,  of 
the  Electrical  Department  of  the  Metropolitan 
Hospital,  for  her  assistance  in  selecting  suitable 
plates  for  illustrating  the  text,  and  for  further 
mdexing  the  volume,  in  the  author's  absence. 

March,  1915. 
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PART  I.     THE  PRODUCTION 

CHAPTER  I 
THE  X-RAY  TUBE 

What  are  X-rays  ? 

X-RAYS  are  produced  by  the  passage  of  a  current 
of  electricity  modified  by  various  mechanical  means, 
and,  although  invisible  to  the  naked  eye,  have  the 
power  of  penetrating  the  tissues  of  the  body,  roughly 
inversely  to  their  density,  and  affecting  sensitive 
plates  and  fluorescent  screens  in  such  a  way  that  the 
shadow  of  the  objects  through  which  they  pass  is 
cast  on  a  screen,  where  it  can  be  viewed  by  the  naked 
eye,  or  on  a  plate,  which  can  be  developed  as  an 
ordinary  photograph. 

For  their  production  a  complex  apparatus  is 
required,  every  unit  of  which  we  will  consider 
separately,  discussing  the  necessity  for  each  indi- 
vidual part. 

In  the  first  place,  it  is  advisable  to  study  the 
appearance  of  an  ordinary  electric  spark  produced 
by  the  passage  of  a  current  between  two  terminals. 
In  air,  and  at  an  ordinary  pressure,  such  a  spark  is 
seen  to  be,  when  of  short  length,  fluffy  in  appearance, 
and  in  the  centre  a  thin  core  is  observed.  Watching 
this  carefully,  as  the  length  increases  the  flufflness 
is  seen  to  disappear,  and  a  thin,  clearly  defined  line 
alone  remams.     Such  is  the  appearance  in  air;  but 
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if  we  send  the  current  through  a  tube,  in  which  the 
air  has  been  exhausted,  say  by  means  of  a  mercury 
pump,  other  changes  become  visible,  and  as  the 
rarefaction  of  the  air  increases,  both  the  length  and 
thickness  of  the  spark  do  so  also. 

The  colour,  which  at  ordinary  pressure  was  blue, 
changes  to  red.  Further,  on  the  glass  walls  of  the 
tube  a  fluorescence  becomes  apparent,  which  finally, 
when  a  high  state  of  rarefaction  is  reached,  becomes 
greenish  yellow  in  colour.  At  the  same  time  as  these 
changes  are  proceedmg,  at  the  negative  end  of  the 
spark  of  electricity  a  dark  space  gradually  forms, 
and  by  the  time  the  fluorescence  has  become  greenish 
yellow  nearly  fills  the  whole  tube.  The  importance 
of  these  changes  will  be  readily  miderstood  when  it 
is  explained  that  when  the  tube  has  become  exhausted 
to  this  state,  and  these  appearances  are  obser^^'ed, 
the  X-ray  stage  is  being  reached,  and  that  the  primary 
necessity  for  the  production  of  X-rays  is  the  passage 
of  an  electric  current  through  a  glass  tube  which 
has  been  exhausted  to  a  considerable  degree. 

In  order  to  explam  more  fully  what  is  happening 
in  a  tube  which  is  highly  exhausted  and  through 
which  a  current  is  being  passed,  it  is  necessary  to 
grasp  the  fact  that  the  modern  teaching  is  that 
every  atom  of  matter  is  said  to  contam  '  electrons  ', 
particles  a  thousand  times  less  than  hydrogen  atoms. 
Positively  charged  bodies  are  said  to  contain 
a  deficiency  of  these  electrons,  while  negatively 
charged  ones  possess  an  excess.  In  the  exhausted 
tube  these  negative  electrons  fly  from  the  negative 
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electrode  with  great  rapidity,  stated  to  be  one-tenth 
the  velocity  of  light,  increasing  in  proportion  to 
the  rarefaction.  When  the  latter  has  become  so 
considerable  that  the  X-ray  state  is  reached,  the 
negative  electrons  fly  in  straight  lines,  not  of 
necessity  to  the  positive  electrode,  and  when  the 
rays  thus  become  straightened  they  are  known  as 
kathode  rays. 

In  order  to  utilize  these  kathode  rays  for  the 
purpose  of  production  of  X-rays,  the  positive  elec- 
trode is  placed  directly  in  the  path  of  the  negative 
electrons  as  they  fly  from  the  kathode,  and  the  rays 
thus  proceeding  from  the  anode  are  known  as 
X-rays.  It  is  on  this  principle  that  all  modern 
X-rays  tubes  are  constructed.  It  is  exceedingly 
important  not  to  confuse  the  kathode  rays  with 
the  X-rays,  for  the  kathode  stream  cannot  pass 
through  glass,  and  can  be  deflected  by  a  magnet, 
while  the  X-rays,  although  totally  invisible  to  the 
eye,  can  pass  through  glass,  and  can  neither  be 
reflected  nor  refracted.  When  we  see  the  green 
fluorescence  appearing  on  the  glass  of  a  tube,  we 
know  from  this  phenomenon  that  the  X-ray  state 
has  been  reached,  but  the  colour  seen  is  not  caused 
by  the  actual  X-rays. 

Having  now  explained  the  reason  for  the  necessity, 
we  will  turn  to  the  consideration  of  the  form  and 
construction  of 

The  X-ray  tube. 

We  have  just  seen  that  the  tube  must  be  an 
exhausted  one,   and  the  amount  of  rarefaction  to 

B  2 
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which  it  is  subjected  will  depend  upon  the  uses  to 
which  we  desire  to  put  it. 

If  we  take  one-millionth  of  an  atmosphere  as 
a  rough  indication  of  exhaustion,  we  will  vary 
this,  accordhig  to  whether  we  wish  to  produce  rays 
which  are  required  to  penetrate  through  the  deepest 
structures,  when  more  exhaustion  will  be  necessary, 
or  whether  only  superficial  structures  are  to  be 
examined,  when  rarefaction  is  not  carried  so  far. 
Further  on,  it  will  be  explained  that  after  construc- 
tion, tubes  are  constantly  varying  in  vacuum  owing 
to  use,  and  that  the  vacuum  can  be  altered  by  the 
operator  at  his  own  free  will,  but  the  primary  degree 
of  exhaustion,  as  carried  out  by  the  maker,  will 
depend  on  the  purpose  for  which  the  tube  is  required, 
and  on  ordering  a  new  X-ray  tube  this  should 
always  be  stated.  Tubes  vary  in  size,  the  one 
commonly  used  now  measuring  eight  inches  in 
diameter,  although  those  of  five  or  six  inches  are 
in  frequent  request. 

A  tube  consists  of  a  circular  bulb  from  which 
proceed  two  mam  cylindrical  arms.  Within  these 
are  placed  two    electrodes. 

The  positive  one,  within  the  shorter  arm,  is  called 
the  anode,  or  more  generally  the  anti- kathode,  and 
is  constructed  m  such  a  way  that  it  terminates  in 
a  flat  surface  placed  at  right  angles  to  the  negative 
electrode  or  kathode.  It  is  obvious,  taking  into 
consideration  the  enormous  velocity  with  wliich  the 
kathode  rays  are  travelling,  that  this  flat  surface 
must  be  of  great  strength  and  density,  in  order  to 
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withstand  the  bombardment  to  which  it  is  subjected, 
and  for  this  purpose  either  platinum,  iridium,  or 
tungsten  is  employed. 

The  kathode  stem  is  made  of  aluminium,  because, 
unlike  many  metals,  small  particles  are  not  thrown 
from  it,  and  deposited  on  the  walls  of  the  tube  when 
a  current  is  passing,  to  any  great  extent.    Its  surface 


Fig.  1.    X-BAY  Tube. 

A,  Anode  or  anti-kathode,     b,  Auxiliary  anode,     k,  Kathode,     m.  Mica 
chamber,     b,  Metal  regulator,     t,  Target,  made  of  platinum  or  iridium. 

is  cup-shaped,  so  that  the  rays  may  be  focused 
upon  a  point  of  the  opposing  target,  and  clear 
definition  thus  be  obtained.  It  is  absolutely  neces- 
sary that  this  target,  as  weU  as  being  made  of  very 
dense  metal,  should  be  kept  as  cool  as  possible,  and 
for  this  purpose  various  devices  have  been  employed, 
one  of  the  chief  of  which  is  the  construction  of 
a  water-jacket  round  the  positive  terminal.  This 
acts  very  well,  and  such  tubes  are  known  as  water- 
cooled  tubes.  Another  method  which  is  popular  is 
one  in  which  a  pair  of  tongs  is  slipped  into  a  hollow 
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anti-kathode.  When  these  become  heated,  by  the 
passage  of  a  current  they  can  be  removed,  and  a  cool 
pair  inserted  in  their  place.  Tubes  of  this  description 
are  called  Cyclops.  Other  tubes  rely  on  a  very 
heavy  metal  anti-kathode,  which  lessens  over- 
heating on  account  of  the  density  of  the  metal  of 
which  it  is  composed. 

All  tubes  are  now  provided  with  some  contrivance 


Fig.  2.    Metal  Regulator. 

H,  Reservoir  chamber,  containing  mica  or  asbestos.    T,  Tube.    K,  Kathode. 

E,  INIetal  regulator, 

for  lowering  the  vacuum,  but  the  statement  pre- 
viously made,  that  when  a  new  tube  is  ordered  the 
type  of  work  for  which  it  is  required  must  be  stated, 
should  be  remembered,  so  that  the  average  vacuum 
can  be  fixed  from  the  first.  A  device  of  this  descrip- 
tion is  known  as  a  regulator,  and  may  consist  of 
a  small  secondary  chamber  fused  into  the  bulb. 
This  contains  some  substance,  which  acts  as  reservoir 
of  air,  such  as  mica  or  asbestos.  From  the  end  of 
the  chamber  a  metal  wire,  wliich  can  be  brought  at 
will  into  proximity  with  the  terminal  of  the  kathode, 
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is  fixed  by  a  screw.  When  the  point  is  near  the 
kathode,  and  a  current  is  passed,  sparks  fly  from  the 
kathode  to  the  metal,  and  by  heating  it  release  air 
from  the  chamber.  This  on  reaching  the  tube  lowers 
the  vacuum.  After  a  little  use,  one  is  able  to  fix 
the  position  of  the  metal  regulator  so  that  auto- 
matically the  tube  is  kept  sufficiently  soft,  but  when 
the  tube  is  new  and  in  position  in  a  closed  box,  the 
constant  manipulation  required  becomes  a  matter 
of  considerable  trouble,  and  by  removing  the  metal 
arm,  and  substituting  in  its  place  a  short  length  of 
wire,  and  by  also  attaching  another  piece  of  wire 
to  the  tube-holder,  the  vacuum  may  be  regulated 
satisfactorily,  without  the  necessity  of  toucliing  the 
box,  from  the  very  first. 

Another  regulator  goes  by  the  name  of  the  Bauer 
air  regulator,  and  consists  of  a  U-tube  of  small 
diameter,  partially  filled  with  mercury,  let  into  the 
bulb.  Air  is  pumped  into  it  by  means  of  a  small 
pump,  and  after  penetrating  a  porous  plug,  enters 
the  X-ray  tube  and  lessens  the  vacuum.  When  the 
pumping  has  ceased,  the  level  of  the  mercury  rises 
and  covers  the  porous  plug.  A  filtering  chamber 
also  forms  a  part  of  this  apparatus. 

In  order  to  steady  the  action  of  the  tube  an 
auxiliary  anode  is  sometimes  attached,  but  the  value 
of  it  is  doubtful. 

Having  explained  the  construction  of  the  tube,  it 
is  now  necessary  to  investigate : 

a.  The  changes  which  take  place  in  the  appearance 
of  a  tube  owmg  to  its  state  of  vacuum. 
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b.  The  means  employed  for  gauging  the  vacuum. 

c.  The  alterations  produced  by  use. 

d.  The  properties  and  uses  to  which  X-ray  tubes 


Fig.  3.    Bauer  Air  Regulator. 
a,  Aii'-mlet.    ]),  Porous  plug.    /,  Filter,    pp.  Pump. 

may   be   put   dependent   upon   their   alteration   in 
vacuum. 

a.  The  different  appearances 

taking  place  in  a  tube  owing  to  the  change  of  vacuum. 
A  tube  in  the  X-ray  state,  as  described  before, 
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throws  on  the  glass  a  greenish  yellow  colour,  but 
this  is  liable  to  variation,  dependent  on  the  state  of 
the  vacuum. 

When  the  tube  is  exhausted  to  a  considerable 
extent  it  is  spoken  of  as  a  '  hard  '  or  '  high  '  tube  ;  if 
moderately  exhausted  it  is  called  a  '  medium  '  tube, 
and  if  slightly  so,  '  soft  '  or  '  low  '. 

In  a  normal  or  '  medium '  tube  a  bright  apple-green 
fluorescence  is  apparent.  This  luminosity  appears 
only  in  the  hemisphere  in  front  of  the  target,  which 
is  situated  at  right  angles  to  the  kathode  ;  the  hemi- 
sphere behind  should  show  no  luminosity.  If  the 
tube  is  '  hard '  the  colour,  instead  of  being  apple- 
green,  is  somewhat  greyish  green  in  tint,  and  flicker- 
ing spots  on  the  walls  will  be  observed.  A  '  soft ' 
tube,  on  the  other  hand,  exhibits  a  far  more  uni- 
form colour,  the  entire  bulb  being  luminous,  while 
the  posterior  hemisphere  shows  a  blue  tint. 

By  examining  the  colour  and  appearance  of  the 
fluorescence,  we  thus  have  one  means  at  our  disposal 
of  judging 

b.  The  state  of  the  vacuum, 

but  other  methods  have  been  devised,  which  must 
also  be  considered. 

Benoist's  radiometer  is  a  small  instrument  for 
this  purpose,  and  consists  of  a  central  disk  of  silver 
round  which  are  sectors  of  aluminium,  graduated  of 
different  thicknesses  ranging  from  one  to  twelve 
millimetres. 

If  the  instrument  is  placed  under  the  fluorescent 
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screen,  the  shadow  of  the  standard  silver  disk  should 
correspond  to  a  sector  of  medium  thickness.  If  the 
tube  is  hard,  the  standard  shadow  will  correspond 
to  a  thicker  section  of  the  aluminium,  and  if  soft  to 
a  thinner  one  owing  to  the  lack  of  penetration  of  the 
tube. 

It  will  be  observed  that  the  state  of  the  vacuum 
by  means  of  this  instrument  is  dependent  upon  the 
fact  that  the  harder  the  tube  the  more  penetrative 
is  its  power,  and  vice  versa. 


Fig.  4,    Benoist's  Radiometer. 
a.  Silver,     h,  Aluminium. 

Another  method,  which  we  will  now  consider,  is 
dependent  on  a  further  factor,  namely  that  the 
harder  the  tube  the  more  resistance  does  it  offer  to 
the  passage  of  a  current. 

This  method  is  known  as  that  of  the  equivalent 
spark-gap,  and  is  explained  by  means  of  the  illustra- 
tion. 

T  and  T  are  two  terminals,  in  this  case  the  pointers 
on  the  pillars  of  an  induction  coil  (fully  considered 
later),  which  are  connected  to  the  terminals  of  c,  the 
X-ray  tube.  The  points  of  t  can  be  moved  back- 
wards and  forwards.    When  a  current  is  passed,  there 
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are  two  paths  for  it  to  take,  one  across  the  pointers 
and  another  through  the  tube.  Obviously  the  one 
chosen  is  that  of  least  resistance. 

If  the  current  passes  between  the  two  points  it 
will  take  the  form  of  a  series  of  sparks,  if  through 
the  tube  the  usual  appearance  of  an  excited  X-ray 
tube  will  be  observed.  The  distance  in  inches 
between  the  pointers,  when  the  current  discharges 


Fig.  5.    The  '  Equivalent  Spark-Gap  '. 
T  T,  Terminals,     p  p,  Pointers,     c,  X-ray  tube. 

between  them  in  preference  to  going  through  the 
tube,  is  called  the  '  equivalent  spark-gap  '.  If  the 
tube  is  hard,  as  it  offers  more  resistance  than  normal 
the  current  will  pass  more  readily  between  the 
pointers,  and  even  if  these  are  a  considerable  distance 
apart,  the  charge  will  take  place  between  them. 

If,  on  the  other  hand,  the  tube  is  soft  and  offers 
only  a  slight  resistance,  the  pointers  will  require  to 
be  very  close  before  the  current  will  take  that  path. 

Thus  a  hard  tube  has  a  long  '  equivalent  spark- 
gap  ',  and  a  soft  one,  a  short  one. 
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Roughly,  tubes  with  equivalent  spark-gaps  above 
five  inches  are  hard,  below  two  inches  soft,  and 
between  these  two  are  medium. 

In  practice  hard  tubes  are  easily  detected,  as  not 
only  do  they  spark  between  the  terminal  pointers, 
which  should  be  set  a  little  further  apart  than  the 
equivalent  spark-gap  in  order  to  prevent  perforation 
of  the  tube,  but  sparks  fly  out  of  other  connexions 
and  become  a  source  of  considerable  unpleasantness. 

When  at  work,  the  operator  can  always  tell  the 
condition  of  the  tube  by  watching  the  milliam- 
peremeter,  which  registers  the  amount  of  current 
passing  through  the  tube,  as  if  this  alters  when  the 
same  amount  of  current  is  bemg  passed  through  the 
coil,  it  is  because  the  tube  has  become  harder  or 
softer — harder  if  the  reading  drops,  because  the 
resistance  has  increased,  and  softer  if  the  reading 
rises,  because  of  decreased  resistance. 

The  method  which  was  formerly  used  for  roughly 
estimating  the  state  of  the  vacuum,  namely  that  of 
placmg  one's  hand  under  the  screen,  is  a  most  danger- 
ous one,  and  should  never  be  tried,  least  of  all  by  the 
operator  himself. 

c.  The  alterations  produced  by  use. 

When  in  use,  certain  changes  take  place  in  the 
condition  of  tubes.  It  is  important  to  consider  this 
subject,  not  only  from  a  monetary  point  of  view 
but  also  in  order  that  good  results  may  be  obtained 
by  skilful  management. 

Nowadays  a  demand  is  made  upon  radiographers, 
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especially  in  chest  observations,  to  obtain  the  most 
minute  details,  and  this  can  only  be  accomplished 
by  the  passage  of  very  heavy  currents,  so  that  an 
instantaneous  photograph  may  result.  If  the  anti- 
kathode  is  not  able  to  withstand  such  a  shock, 
a  common  result,  which  unfortunately  all  radio- 
graphers are  familiar  with,  follows  from  such  an 
exposure,  and  a  fatal  '  pitting '  is  the  outcome. 
Even  if  the  target  is  strong  enough  to  withstand 
the  strain  of  one  or  two  exposures,  constant  use  is 
liable  to  cause  overheating,  and  eventual  destruction 
of  the  tube  may  follow. 

As  a  result  of  ordinary  use  a  tube  generally 
becomes  harder,  and  when  a  tube  is  too  soft  the 
passage  of  a  weak  current  through  it  for  a  short 
period  will  often  tend  to  tone  it  up,  so  that  it  becomes 
sufficiently  hard  for  use. 

The  cause  of  this  is  twofold.  In  the  first  place, 
the  passage  of  electricity  tends  to  separate  small 
particles  from  the  anti-kathode  due  to  inverse  cur- 
rent, and  by  forming  them  to  absorb  electrons; 
and  secondly,  the  escaping  electrons  pierce  the  glass, 
thus  raising  the  vacuum. 

At  the  same  time,  however,  overheating  is  bound 
to  occur  if  a  tube  is  used  continually,  and  the  electrons 
in  the  metal  are  released,  and  tend  to  lower  the 
vacuum. 

Another  factor  which  influences  the  state  of 
a  tube  during  use  is  the  close  proximity  of  a  metallic 
element,  such  as  a  diaphragm,  which,  acting  as  a 
condenser,  raises  the  vacuum. 
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We  must  now  finally  consider  the  properties  of 
X-ray  tubes,  varying  as  they  do  in  vacuum,  and  thus 
learn  tlie  uses  to  which  they  may  be  put.  Such 
knowledge  is  of  the  greatest  importance  to  X-ray 
workers.  Given  an  equally  good  installation  and 
equipment,  the  advantage  will  rest  with  the  radio- 
grapher who  skilfully  manipulates  his  tubes.  To 
him  will  come  success  ;  to  the  operator  who  does 
not  understand  such  management,  only  failure  can 
result. 

First  let  us  consider  the  different  properties  of  soft 
and  hard  tubes. 

In  a  soft  tube  : 

1.  The  resistance  to  the  passage  of  a  current  is 
low. 

2.  The  rays  given  out  have  a  low  penetrative 
power. 

3.  The  rays  are  of  short  wave  length. 

4.  The  quantity  of  the  rays  is  great. 

5.  The  action  upon  sensitive  plates  is  veTj  powerful. 

In  a  hard  tube  : 

1.  The  resistance  to  the  passage  of  a  current  is 
high.  If  the  tube  is  exhausted  to  too  great  a  degree 
it  may  resist  the  passage  of  a  current  altogether. 

2.  The  penetrative  power  is  very  great. 

3.  The  wave  length  of  the  rays  is  considerable. 

4.  The  quantity  of  the  rays  is  not  so  great  as 
those  from  a  soft  tube. 

5.  The  actinic  power  is  not  so  high. 
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We  have  discussed  the  factors  of  resistance  and 
penetration  previously  when  estimating  the  degree 
of  vacuum  present.  The  fact  that  the  length  of  the 
wave  varies  will  be  of  importance  in  treatment,  for 
in  some  cases  it  is  the  superficial  structures,  and  in 
others  the  deeper,  that  require  to  be  attacked. 

The  actinic  power  is  further  of  importance,  as  if 
it  is  high  the  action  upon  the  skin  surfaces  will  be 
proportionately  great.  A  radiogram  taken  with 
a  hard  tube  lacks  in  contrast,  and  has  a  thin  grey 
appearance,  owing  to  the  fact  that  all  the  structures 
have  been  easily  penetrated.  On  the  other  hand, 
with  a  soft  tube  the  bones  will  stand  out  in  strong 
contrast  to  the  tissues,  but  little  detail  will  be 
obtained,  as  the  power  of  penetration  is  lacking. 
Further,  the  edges  of  the  film  will  appear  intensely 
black,  owing  to  the  high  actinic  power  of  the  rays. 
The  penetrative  power  of  a  soft  tube  will  be  sufficient 
if  it  is  desired  to  examine  the  smaller  bones,  such  as 
those  of  the  hand,  and  the  detail  obtained  will  be 
good,  while  the  hard  rays,  having  too  great  power 
of  penetration,  will  yield  a  result  lacking  in  definition. 
On  the  other  hand,  a  soft  tube  will  be  useless  when 
examining  the  larger  and  more  deeply  placed  bones, 
while  the  hard  rays  will  be  suitable  in  such  cases. 

X-rays  are  used  for  two  main  purposes — diagnosis 
and  treatment.  For  diagnostic  purposes,  as  just 
stated,  if  the  bones  are  small  and  superficial  a 
moderately  soft  tube  must  be  used.  This  applies  to 
the  bones  of  the  hand  and  wrist,  also  the  foot.  As 
the  bones  become  larger  and  more  deeply  situated. 
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the  tube  employed  should  have  an  increased  vacuum, 
and  for  the  arm,  elbow,  and  shoulder- joint,  as  well 
as  the  leg  and  knee-joint,  a  medium  tube  will  give 
the  best  results.  The  bones  of  the  skull  may  also 
be  included  in  this  category.  The  more  deeply  placed 
bones,  such  as  those  of  the  hip- joint,  the  pelvis,  and 
the  spine,  will  require  a  hard  tube. 

In  examination  of  the  thorax  a  moderately  soft 
tube  is  necessary,  owing  to  the  presence  of  air  in  the 
limgs,  against  which  the  heart  shadow  shows  up  in 
marked  contrast. 

For  renal  examinations  also,  it  is  utterly  useless 
to  use  too  hard  a  tube,  as  if  the  rays  possess  too  great 
penetrative  power  they  may  pass  right  through  a 
calculus  and  no  shadow  be  obtained. 

In  examining  the  abdomen  by  means  of  bismuth 
and  barium,  a  moderately  hard  tube  will  give  the 
best  result,  as  there  is  not  the  quantity  of  air  present 
which  enabled  a  contrast  to  be  shown  in  the  thorax 
with  only  a  soft  tube. 

For  therapeutic  purposes  two  distinct  ranges  of 
vacuum  are  required.  In  all  skin  lesions  the  soft 
tube  will  exert  the  more  beneficial  action,  while  if 
deep-seated  structures  are  to  be  reached,  greater 
penetration  is  necessary,  and  a  hard  tube  is  employed. 
Filters  of  aluminium,  felt,  &c.,  are  now  used,  which 
cut  off  the  rays  of  short  length  and  allow  the  more 
penetrating  ones  alone  to  act. 

It  will  be  remarked  in  such  cases,  considering  the 
different  types  of  tubes  used,  that  it  will  be  a  matter 
of  difficulty  to  estimate  the   amount  of  the   dose 
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given.  This  is  correct,  and  therefore  when  treating 
cases  by  X-ray  a  small  pastille  is  placed  between 
the  part  to  be  acted  upon  and  the  tube,  at  a  fixed 
distance.  This  is  known  as  a  Sabouraud  pastille, 
and  is  at  first  of  a  light  green  colour.  When  this  has 
changed  to  a  brownish  yellow  of  standard  tint,  one 
'  Sabouraud  dose  '  is  said  to  have  been  given,  and 
this  is  the  amount  which  in  most  cases  yields  a 
satisfactory  result  without  exposing  a  patient  to  any 
danger,  and  is  employed  as  a  standard  dose. 


CHAPTER  II 

SOURCES  OF  SUPPLY,  ETC. 

At  the  outset  we  stated  that  X-rays  were  pro- 
duced by  the  passage  of  a  current  of  electricity 
modified  by  various  mechanical  means. 

We  must  now  further  consider  this,  and  find  out 
what  are  the  mechanical  means  that  are  requisite 
for  the  production  of  a  current  which  will  have  the 
power  of  exciting  an  X-ray  tube. 

Before  doing  so,  however,  it  will  be  well  to  make 
a  few  remarks  regarding  elementary  electricity,  which 
wiU  help  us  to  thoroughly  understand  the  subject. 

When  two  bodies  are  rubbed  together  they 
become  electrified,  one  positively  and  the  other 
negatively.  Similar  rods,  after  being  rubbed  with 
similar  material  repel  one  another,  but  when  rubbed 
with  a  different  material  attract  one  another;  that 
is  to  say,  similar  electrified  bodies  repel  one  another, 
and  dissimilar  electrified  bodies  attract  one  another. 
If  an  electrified  body  is  connected  to  a  non-electrified 
body  by  a  piece  of  wire,  the  non-electrified  body  at 
once  becomes  electrified,  and  the  piece  of  wire  is 
spoken  of  as  a  conductor,  but  if  the  two  are  connected 
by  means  of  a  rod  of  glass,  no  transfer  takes  place, 
and  the  glass  is  called  a  non-conductor  or  insulator. 
All  electrified  bodies  exert  influence  on  all  surround- 
ing bodies,   and   although   such  bodies   receive   no 
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actual  charge  of  electricity,  they  become  electri- 
fied, not  in  this  instance  by  conduction,  but  by 
induction. 

If  two  vessels,  full  of  water,  are  connected  by 
a  pipe,  the  water  will  flow  from  the  one  in  which  the 
pressure  is  greater,  to  the  other,  until  the  pressure  is 
equalized ;  or  if  tw  o  bodies  at  different  temperature 
are  placed  together,  heat  will  be  transferred  from 
the  body  of  higher  to  the  body  of  lower  temperature. 
The  passage  of  a  current  of  electricity  from  one  body 
to  another  is  exactly  similar,  and  the  power  that 
produces  such  a  transfer  is  called  electromotive  force, 
usually  written  as  E.M.F.,  the  current  passing  from 
the  body  of  higher  to  that  of  lower  potential.  As 
long  as  a  difference  of  potential  at  the  two  ends  of 
a  conducting  wire  is  maintained,  so  long  will  there 
be  a  constant  flow  or  current  of  electricity  along  that 
wire.  If  a  positively  charged  body  is  brought  near 
an  insulated  conductor,  the  conductor's  near  side 
becomes  of  a  higher  positive  potential,  and  electricity 
will  flow  from  this  side  to  the  other  until  the  potential 
becomes  uniform,  Avhen  finally  negative  electrifica- 
tion is  on  the  side  near  the  positive  charge,  and 
positive  electrification  on  the  remote  side. 

The  practical  unit  of  potential  is  called  a  volt. 
It  will  be  found  that,  working  with  the  same  electro- 
motive force,  currents  of  different  strengths  are 
produced,  and  it  becomes  necessary  to  investigate 
another  factor,  namely,  resistance,  because  it  is  on 
account  of  this  that  such  variations  occur.  The 
resistance  of  a  body  depends  upon  its  length  and 

C2 
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thickness,  and  is  directly  proportional  to  its  length, 
and  inversely  to  its  thickness. 

The  practical  unit  of  resistance  is  called  an  ohm, 
and  when  a  current  is  produced  by  an  electromotive 
force  of  one  volt,  acting  through  a  resistance  of  one 
ohm,  such  a  current  is  called  an  ampere. 

We  are  now  in  a  position  to  state  what  is  called 
Ohm's  law,  which  is,  that  the  strength  of  a  cur- 
rent varies  directly  as  the  electromotive  force,  and 
inversely  as  the  resistance. 

Thus  if  C  stands  for  current,  E  for  electromotive 
force,  and  R  for  resistance, 


or 
or 


Thus  if  two  of  the  figures  are  known,  the  third  can 
always  be  calculated. 

The  rate  of  energy  expended  in  the  passage  of 
a  current  may  be  calculated  by  multiplying  E.M.F. 
in  volts  by  G  in  amperes,  and  such  a  unit  is  called 
a  watt. 

If  this  is  multiplied  by  the  length  of  time  taken  by 
the  current  to  pass,  the  measurement  of  the  amount 
of  work  done  will  be  obtained ;  thus  one  watt  for  one 
hour  is  known  as  a  watt-hour.  One  thousand  watt- 
hours  is  the  Board  of  Trade  unit  employed  for  selling 
electric  supplj^,  and  is  generally  charged  at  the  rate 
of  sixpence. 
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The  object  of  discussing  these  elementary  facts 
will  be  seen  not  only  later  on,  but  at  once,  when  the 
remark  is  made,  that  for  the  excitation  of  an  X-ray 
tube,  a  current  of  comparatively  low  voltage  and 
high  amperage  is  primarily  used,  and  converted 
before  the  X-ray  tube  is  reached  into  one  of  low 
amperage  and  high  voltage. 

This  primary  current  is  obtained,  if  possible,  from 
the  mains,  where  it  is  either  continuous  or  alternat- 
ing in  character. 

If  continuous  it  is  passed  through  an  induction 
coil,  and  by  means  of  an  interrupter  or  break  becomes 
a  regularly  interrupted  current,  which  is  necessary 
for  the  working  of  the  coil. 

In  this  manner  we  obtain  the  current  we  desire, 
namely  one  of  great  electromotive  force,  and  if  we 
lead  this  to  the  tube,  we  will  be  enabled  to  obtain 
the  necessary  X-rays  from  it. 

If  we  cannot  obtain  a  continuous  current  direct, 
we  must  modify  the  alternating  one  in  such  a  way 
that  it  becomes  continuous,  or  we  must  find  other 
means  of  making  the  alternating  current  meet  with 
our  requirements. 

If,  on  the  other  hand,  we  are  unable  to  employ 
the  mains,  we  must  obtain  the  primary  current 
from  other  sources.  All  these  questions  will  be  con- 
sidered later  ;  for  the  remainder  of  this  chapter  we 
will  take  it  for  granted  that  we  are  obtaining  a 
current  from  the  mains  which  is  continuous  in 
character,  and  we  will  pass  it  through  an  induction 
coil,  having  previously  interrupted  it  with  a  break, 
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and  we  will  go  into  the  construction  of  both  of  these, 
and  the  form  they  should  take  to  suit  the  various 
requirements  for  which  they  are  intended. 

The  continuous  current  from  the  main. 
This,  as  before  stated,  is  the  ideal  source  from 
which  to  obtain  the  supply  to  excite  an  X-ray  tube. 
The  pressure  or  voltage,  however,  varies  in  different 
districts  roughly  from  100  to  250.  It  is  obvious, 
therefore,  that  before  this  current  is  passed  into  the 
induction  coil  some  control  must  be  established  over 
it,  so  that  the  pressure  can  be  regulated  as  required. 
The  instrument  generally  employed  for  this  purpose 
is  called  a  rheostat.  One  form  of  this  consists  of 
open  coils  of  thick  iron  wire,  fixed  to  a  slab  of  slate 
or  marble,  through  which  the  current  can  be  made 
to  pass  before  it  reaches  the  induction  coil — the 
greater  the  length  of  wire  traversed  the  greater  is 
the  resistance  offered  to  the  passage  of  the  current. 
Remembering  Ohm's  law  that  E  =  CE,  this  will  be 
readily  understood.  Referring  to  the  diagram,  it  will 
be  seen  that  each  coil  is  composed  of  two  lengths, 
and  as  there  are  eight  coils  of  wire,  if  the  potential 
difference  between  the  positive  and  negative  wires 
of  supply  is  taken  as  200  volts,  the.  difference  of  the 
electromotive  force  between  the  two  ends  of  a  length 
of  a  single  spiral  coil  will  be  one-sixteenth  of  200 
volts,  and  between  each  stud  one-eighth  of  200 
volts.  Thus  if  the  arm  is  in  contact  with  the  stud 
marked  1,  the  fall  of  potential  is  12-5,  and  187-5 
volts  go  to  the  induction  coil.     If  the  contact  is  at 
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stud  2,  the  fall  of  potential  is  37-5,  and  162-5  volts 
pass  on. 

The  brass  studs  and  handle  are  mounted  on  the 
switch-board  or  trolley-table,  both  of  which  will  be 


Fig.  6.     Rheostat. 

Eight  brass  studs  are  connected  to  the  lower  end  of  the  coils,  eight  in 
number,  and  contact  can  be  made  with  any  of  these  by  turning  a  handle, 
and  the  current  led  o£E  through  it  to  the  induction  coil. 

described   later   when   the    accessory   apparatus   is 
considered. 

The  energy  expended  on  the  passage  of  a  current, 
through  such  a  resistance  as  has  just  been  described, 
takes  the  form  of  heat,  and  bearing  this  in  mind, 
and  remembering  that  overheating  may  be  a  serious 
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drawback,  a  lamp  is  often  inserted  in  the  circuit, 
which  itself  acts  not  only  as  a  resistance  but  also 
prevents  such  overheating.  It  is  stated  that  the 
resistance  of  an  eight- candle-power  lamp  in  a  voltage 
of  100  is  320  ohms,  and  in  a  voltage  of  200  four 
times  as  much.  In  a  voltage  of  100  a  sixteen-candle- 
power  lamp  has  a  resistance  of  160  ohms,  and  a  thirty- 
two-candle-power  lamp  one  of  80  ohms. 

In  addition  to  this  a  lamp  is  an  indicator,  as  when 
the  current  is  passing  it  is  lighted,  and  the  mistake 
of  wasting  current  is  thus  avoided. 

The  kind  of  resistance  just  described  is  called  a 
'  shunt  '  resistance,  as  it  will  be  noted  that  there 
are  alternative  paths  for  the  current  to  follow,  either 
straight  back  to  the  main,  or  by  means  of  the  resist- 
ance to  the  coil.  In  other  words,  it  may  be  '  shunted ' 
by  means  of  the  controlling  handle  on  to  the  coil. 

The  other  variety  is  called  a  '  series  '  resistance, 
and  in  this  case  the  current  passes  from  the  main, 
through  the  primary,  and  then  through  coils  of 
resistance,  and,  according  to  the  number  of  turns 
placed  in  the  way,  the  strength  passing  to  the  tube 
is  controlled. 

We  have  now  from  the  main  a  continuous  current 
flowing  into  the  induction  coil,  and  by  means  of  the 
rheostat  we  can  control  the  pressure  according  to  our 
requirements.  Let  us  now  consider  the  construction 
of  the  induction  coil. 

We  have  previously  stated  that  all  electrified 
bodies  exert  influence  on  all  surrounding  bodies  by 
induction,  and  it  is  thus  obvious  that  an  induction 
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coil  must  consist  of  two  parts,  the  one  inducing 
a  current  in  the  other.  These  two  parts  are  called 
the  '  primary  '  and  '  secondary  '  respectively. 

These  may  be  regarded  for  the  present  as  two  wires, 
the  primary  P  R  and  the  secondary  S  D — 

P R 

S D 

If  a  current  is  passed  along  P  R  in  the  direction 
P  to  R,  the  result  is  an  induced  current  in  S  D  in 
the  opposite  direction,  D  to  S.  This  induced  cur- 
rent is  only  a  momentary  one  and  ceases  during  the 
remainder  of  the  passage  of  P  R,  but  directly  the 
current  through  the  primary  is  arrested,  another 
current  will  be  induced  in  the  secondary,  but  this 
time  in  the  same  direction  as  the  primary,  namely 
from  S  to  D. 

Now  the  strength  of  the  induced  current  is  the 
same  as  the  primary,  and  as  the  first  object  of  an 
induction  coil  is  to  create  an  induced  current  of 
greater  electromotive  force  than  that  of  the  primary, 
but  of  less  amperage,  this  object  can  be  attained  by 
arranging  the  primary  wire  in  spiral  form,  and  round 
it,  but  separated  from  it,  winding  the  secondary  of 
many  more  turns,  and  in  proportion  to  the  increase 
of  the  secondary  to  the  primary  winding  there  will 
result  an  equal  increase  of  electromotive  force  and 
a  decrease  of  amperage.  This  is  obvious,  because  in 
each  extra  turn  of  the  secondary  winding  an  electro- 
motive force  is  induced  of  strength  equal  to  the 
electromotive  force  of  the  primary,  while  the  total 
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quantity  of  the  current  or  amperage  is  the  same  in 
both,  and  each  extra  turn  of  wire  in  the  secondary 
means  a  corresponding  loss  of  amperage.  If  there- 
fore the  secondary  contains  many  hundreds  of  turns 
of  wire  more  than  the  primary,  the  result  will  be  that 
the  current  which  leaves  the  coil  will  show  a  corre- 
sponding increase  in  voltage  and  decrease  in  amperage, 
and  if  we  can  interrupt  the  original  current  in  the 
primary  by  means  of  a  break  or  interrupter  suffi- 
ciently rapidly,  the  secondary  current  induced  will 
be  of  the  right  quality  for  excitation  of  an  X-ray 
tube.  For  such  a  purpose,  it  should  be  here  re- 
marked that  the  important  current  is  the  induced 
current,  caused  by  breaking  the  primary.  This 
break  should  be  made  as  abrupt  as  possible,  while 
every  opportunity  should  be  taken  of  causing  the 
primary  current  at  make  to  be  of  the  smallest  pro- 
portion. 

In  addition  to  this  the  electromotive  force  of  the 
secondary  current  depends  upon  the  strength  of  the 
primary  current,  and  also  on  the  number  of  turns  of 
wire  in  the  coil. 

The  primary  of  an  induction  coil  consists  of  a  core 
of  soft  iron  round  which  is  wound  many  turns  of 
insulated  copper  wire.  Over  this  is  placed  a  tube 
made  of  some  insulated  substance,  and  round  this 
again  is  placed  the  secondary,  consisting  of  many 
thousands  of  yards  of  fine  insulated  copper  wire, 
often  Avound  in  separate  sections  insulated  from  one 
another,  so  that  the  length  of  wire  employed  may 
vary  according  to  the  strength  of  the  current.     Thus, 
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if  it  is  desired  to  increase  the  strength  fewer  sections 
are  brought  into  circuit.  After  winding,  the  second- 
ary is  soaked  in  wax  and  enclosed  in  a  case,  the  whole 
being  mounted  on  a  large  polished  oak  block,  and 
exhibiting  the  well-known  appearance  shown  in  the 


Fig.  7.     Induction  Coil. 

diagram.  In  order  to  cause  the  inductive  effect  of 
'  break '  to  be  as  abrupt  as  possible,  a  condenser  is 
connected  up  with  the  coil.  A  condenser  may  be 
defined  as  an  apparatus  consisting  of  two  large- 
surfaced  insulated  conductors  placed  near  each 
other,  so  that  if  one  is  connected  to  earth  it  will 
charge  the  other  with  an  increased  electromotive 
force. 

The  kind  of  condenser  used  with  the  induction  coil 
consists  of  a  number  of  sheets  of  tinfoil  separated 


28 


X-RAYS  :  THE  PRODUCTION 


from  each  other  by  layers  of  paper  soaked  in  paraffin 
wax. 

Alternate  sheets  are  connected  to  one  of  the  ter- 
minals, and  the  intervening  sheets  to  the  other. 

In  order  to  understand  how  this  works,  the  dia- 
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FiG.  8.    Induction  Coil  with  Nieve's  Hammer  and  Condenser. 

gram  of  the  coil  must  be  studied,  and  in  order  to 
make  this  as  complete  and  clear  as  possible,  the 
simplest  form  of  interrupter,  called  the  Nieve's 
hammer,  is  included,  although  its  place  is  taken  in 
X-ray  works  by  other  forms  of  interrupters. 

p  is  the  primary  coil,  consisting  of  a  soft  iron  core 
and  copper  windings. 

s  is  the  secondary  coil,  consisting  of  thousands  of 
turns  of  copper  wire. 
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c  is  the  condenser,  situated  under  the  primary 
and  secondary  coil. 

A  and  D,  G  and  h  are  the  parts  of  the  break,  a  being 
a  pillar  to  which  one  platinum  point  g  is  attached,  the 
tension  of  which  can  be  controlled  by  a  screw,  d  is  a 
spring  to  which  the  other  platinum  point  G  is  attached, 
H  a  hammer,  b  the  space  between  the  platinum 
points,  while  t  and  t  are  the  terminals  of  the  coil. 

The  current  enters  at  m  + ,  and  runs  up  the  pillar  a, 
through  the  platinum  points  G,  which  are  adjusted 
in  contact  by  the  screw  to  the  hammer  h,  down  the 
spring  D,  and  thence  by  the  path  e  e  to  the  primary 
winding  p,  and  from  there  by  the  return  paths  e  e 
to  M  -  ,  the  other  main  terminal. 

This  current  as  it  flows  magnetizes  the  primary 
core,  and  by  such  attraction  draws  the  hammer  h 
towards  it,  thus  separating  the  platinum  points  and 
creating  b  the  space  between  them.  This  at  once 
stops  the  current ;  the  soft  iron  core  of  the  primary 
is  no  longer  magnetic,  and  the  hammer  returns  to 
its  former  position  by  means  of  the  strength  of  the 
spring  D,  while  the  platinum  points  again  come 
together,  and  another  current  passes  through.  Thus 
the  current  is  continually  made  and  broken.  Re- 
membering what  we  already  stated  as  regards  the 
induction  power  of  the  primary  coil,  at  each  make 
of  the  primary  a  current  is  induced  in  the  secondary 
in  the  opposite  direction,  and,  what  is  more  impor- 
tant, at  each  break  of  the  current  another  one  is 
induced  in  the  same  direction.  These  secondary 
currents  are  led  off  to  the  terminals  t  t. 
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Now,  when  the  contact  is  broken,  although  the 
current  cannot  pass  over  the  space  b,  it  can  still  by 
the  path  f  f  pass  to  the  condenser,  and  this  tends 
to  reduce  the  sparking  that  would  otherwise  take 
place  between  the  platinum  points ;  but  what  is  more 
important,  it  increases  the  suddenness  of  the  break 
by  providing  an  alternative  path  for  the  current  to 
flow  along,  the  core  thus  becoming  more  rapidly 
demagnetized.  Having  reached  one  side  of  the  con- 
denser, the  current,  by  means  of  induction,  charges 
the  other  side,  and  this  helps  to  absorb  the  current 
in  the  primary,  and  also  increases  the  rapidity  with 
which  the  core  becomes  demagnetized.  In  the  illus- 
tration of  the  induction  coil  (Fig.  7),  it  will  be  noticed 
that  there  are  two  vertical  pillars,  to  the  top  ends  of 
which  a  pair  of  pointers  may  be  attached.  These 
can  be  moved  backwards  and  forwards  horizontally, 
and  if  the  current  from  the  coil  is  not  led  off  to  the 
X-ray  tube,  a  discharge  will  take  place  between  them. 
The  terms  eight-,  twelve-,  sixteen-inch  coil,  &c.,  are 
applied  in  this  way,  but  it  must  be  remembered  that 
a  twelve-inch  coil,  for  instance,  is  not  one  which  will 
only  just  show  a  spark  if  the  pointers  are  separated 
a  distance  of  twelve  inches,  but  one  which  at  that 
distance  will  give  a  '  torrent  '  of  sparks,  for  the  value 
of  a  spark  is  not  estimated  by  its  length  but  by  its 
breadth. 

The  electromotive  force  of  the  secondary  current 
will  depend  partly  upon  the  relative  number  of 
windings  of  the  primary  and  secondary  coil,  increas- 
ing in  ratio  with  the  excess  of  the  secondary  wind- 
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ings,  but  it  is  not  advisable  to  have  too  many- 
windings  in  the  secondary,  as  a  high  E.M.F.  will 
discharge  sparks  of  great  length,  and  as  the  resistance 
will  also  be  increased,  a  stage  will  be  reached  when 
with  too  great  E.M.F.  little  current  will  be  able  to 
pass,  and  the  long  sparks  will  be  thin  in  quality. 

When  the  current  passing  is  weak,  the  condenser, 
and  also  the  careful  methods  now  employed  in 
constructing  and  proportioning  coils,  enable  us  to 
consider  the  '  current  at  make  '  practically  a  negli- 
gible factor ;  but  when  heavy  currents  are  required, 
unless  this  current  is  further  rectified  it  seriously 
interferes  with  the  results  obtained.  This  is  because 
when  heavy  currents  are  passed  it  becomes  necessary 
to  interrupt  them  with  great  rapidity  in  order  that 
the  primary  current  may  rise  more  suddenly,  and 
the  quicker  the  rise  the  more  apparent  does  this 
'  reverse  '  or  '  closing  '  current  become. 

In  order  to  rectify  this  a  valve  tube  is  inserted  in 
the  circuit  between  the  coil  and  the  X-ray  tube,  and 
this  absorbs  the  reverse  current,  only  allowing  the 
secondary  current,  induced  by  the  '  break '  of  the 
primary,  to  pass. 

One  of  the  most  commonly  used  of  these  valves  is 
known  as  the  '  Oliver  Lodge  '  valve  tube,  and  con- 
sists of  a  circular  vacuum  tube,  somewhat  like  an 
ordinary  X-ray  tube,  but  smaller,  and  exhausted  in 
a  special  manner.  The  kathode  is  in  the  form  of  an 
aluminium  spiral,  and  the  anode  a  copper-covered 
iron  rod. 

If   the   current   employed   does   not   exceed   five 
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milliamperemeters  in  the  X-ray  tube,  a  single  valve 
tube  is  all  that  is  required,  but  if  heavier  currents 
are  passed  more  than  one  is  advisable ;  in  fact,  in 
instantaneous  radiography  four  may  be  necessary. 
Now  these  tubes,  like  X-ray  tubes,  alter  in  vacuum, 
and  are  therefore  often  fitted  with  regulating  devices 
of  the  types  described  in  the  first  chapter,  but  it  is 
obvious  that  if  many  tubes  are  required  it  will  be 
difficult  to  keep  them  all  at  the  same  vacuum,  and 
therefore  the  '  double  '  or  '  triple  '  valve  tubes  were 
designed.  These  are  generally  pear-shaped  in  form, 
having  a  spiral  electrode  (kathode)  and  a  plate 
electrode  (anode).  The  one  vacuum  is  therefore 
common  to  two  or  three  chambers,  and  it  is  claimed 
that  one  double-valve  tube  will  rectify  a  current  of 
10  milliamperemeters  passing  from  the  coil. 

It  may  be  mentioned  here  that  in  connecting  up 
a  valve  tube,  it  must  always  be  placed  in  *  series '  with 
the  X-ray  tube — that  is  to  say,  the  negative  of  the 
valve  tube  is  connected  to  the  positive  of  the  X-ray 
tube  or  vice  versa,  and  when  several  valve  tubes  are 
used  they  are  placed  in  '  series '  with  one  another, 
but  in  the  double  or  triple  valves  the  positive  poles 
are  connected  together  and  the  negative  poles  also, 
and  such  an  arrangement  is  called  connexion  in 
*  parallel  '.  The  double  or  triple  tube  then,  being 
connected  in  parallel,  is  placed  in  series  with  the 
X-ray  tube. 

Another  rectifier,  which  may  be  used  instead  of 
a  valve  tube,  requires  merely  mentioning,  as  the 
valve  tube  is  the  rectifier  'par  excellence.     This  other 
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one  takes  the  form  of  an  adjustable  spark-gap,  the 
positive  terminal  of  which  is  a  sharp  point,  and  the 
negative  a  rounded  surface,  such  as  a  movable  ball 
or  brass  plate.  By  adjusting  the  length  of  this  spark- 
gap,  the  reverse  current  can  be  suppressed. 

We  have  stated  that  induction  coils  are  made  of 
various  sizes,  and  are  called  twelve-,  sixteen-inch  coils, 
&c.,  according  to  the  length  and  breadth  of  spark 
which  can  be  produced  between  their  terminals.  For 
general  work  the  sixteen-inch  coil  is  the  one  most 
commonly  in  use,  as  with  it  we  can  do  any  kind  of 
work,  and  although  absolutely  instantaneous  expo- 
sures such  as  1- 100th  of  a  second  cannot  be  given, 
an  exposure  of  a  second  or  so  will  enable  a  most 
excellent  result  in  chest  cases  to  be  obtained,  although 
the  heart  of  course  cannot  be  taken  then  without 
movement.  In  order  to  do  this  '  flash  '  work,  thirty- 
six-inch  coils  are  now  made,  and  it  is  stated  that 
when  well  constructed  they  will  do  no  more  damage 
to  the  tube  than  sixteen-inch  coils.  The  rapidity 
of  exposure,  however,  is  not  dependent  only  upon 
the  size  of  the  coil ;  the  efficiency  of  the  break  to 
interrupt  the  current  is  equally  important,  and  we 
will  now  consider  the  form  of  the  interrupters 
commonly  used  for  X-ray  work. 

Breaks  or  interrupters. 

We  already  know  how  a  break  acts  upon  an 
induction  coil  through  our  description  of  the  Nieve's 
hammer,  and  although  this  type  is  suitable  if  the 
voltage  is  low,  say  up  to  twenty-four,  it  is  useless  if 
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it  is  higher,  because  of  the  arcing  which  takes 
place  between  the  platinums  under  such  conditions. 
The  two  chief  kinds  of  breaks  at  present  used  in 
X-ray  work  are — 

(1)  The  mercury, 

(2)  The  electrolytic, 

and  each  one  has  an  advantage  over  the  other, 
according  to  the  circumstances  for  which  it  is  required 
to  be  used. 

The  mercury  break,  which  must  be  driven  by 
a  motor,  is  constructed  on  one  of  two  main  principles  : 
either  a  plunger  can  be  dipped  into  mercury,  or 
mercury  is  pumped  through  a  jet  on  to  metal  blades. 
The  action  must  take  place  many  times  a  second, 
but  the  speed  attained  does  not  equal  that  of  the 
electrolytic  interrupter. 

The  dipper  principle  is  the  older  of  the  two,  and  is 
not  much  used  now.  There  are  two  main  designs 
in  this  type  of  mercury  break,  one  having  a  perpendi- 
cular dipper,  and  the  other  being  rotary.  This  latter 
is  associated  with  the  name  of  JMackenzie  Davidson, 
and  consists  of  a  revolving  copper  blade  projecting 
into  the  mercury,  contained  in  a  jar,  at  an  angle 
of  45°.  The  contact  is  made  and  broken  during  the 
revolutions,  but  as  there  is  a  '  whipping '  or  '  churn- 
ing '  action  going  on  all  the  time,  the  mercury  tends 
to  become  emulsified,  which  is  a  great  disadvantage. 
The  perpendicular  dipper  is  worked  by  a  crank 
attached  to  the  shaft  of  the  motor  and,  as  the  name 
suggests,  consists  of  a  metal  rod,  making  and  break- 
ing the  contact  by  dipping  into  the  mercury.     The 
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rate  of  interruption  in  this  form  is  between  1,000  and 
1,500  per  minute,  and  being  of  simple  construction 
is  still  used  for  skin  work,  as  the  interruptions  need 
not  be  rapid,  and  if  the  break  is  stoutly  built  the 
requirement  of  having  a  strong  simple  break  for  long 
exposures  will  be  met. 


Fig.  9.     Gaiffe  Intekrtjpter. 

The  rate  of  interruption  of  the  rotary  design  is 
slightly  the  more  rapid  of  the  two. 

The  other  principle,  namely  that  of  pumping  mer- 
cury on  to  metal  blades,  is  more  recent  and  is  now  in 
general  use.     It  is  known  as  the  turbine  or  jet  type. 

In  it  either  a  central  stem  is  made  to  revolve,  and 
jets  of  mercury  are  thrown  out  by  centrifrugal  force 
from  orifices  against  periferal  sectors,  or,  if  the  jet  is 
in  a  fixed  direction,  the  periferal  sectors  or  teeth 

D  2 


36  X-RAYS  :  THE  PRODUCTION 

revolve.  The  diagram  of  the  '  Gaiffe '  instrument 
will  explain  the  working  of  such  a  break. 

The  upper  portion  is  screwed  into  the  vessel  v  by 
the  screws  e. 

The  terminals  i^  and  n  are  connected  to  the  switch- 
board or  trolley-table,  m  is  a  vulcanite  cap  covering 
four  electro-magnets,  which  are  used  in  this  instru- 
ment as  the  motive  power.  The  current  passes 
through  them  before  entering  the  interrupter. 

An  impulse  at  b  starts  the  break.  In  the  cone  c 
lies  the  mercury,  which  is  thrown  out  of  the  four 
holes  b  in  jets,  and  impinges  against  the  periferal 
sectors  d,  d^,  D",  and  d^  (hidden  in  the  illustration). 
The  amount  of  current  passed  can  be  controlled  on 
the  switch-board,  and  according  to  its  strength  and 
the  consequent  rate  of  interruption  required,  one, 
two,  three,  or  four  of  the  teeth  can  be  called  into 
action,  and  the  rapidity  lessened  or  increased.  It  is 
claimed  that  with  this  break  forty  amperes  at  220 
volts  can  be  passed. 

The  duration  of  the  contact  can  further  be  altered, 
because  the  sectors  are  triangular  in  shape,  and  by 
means  of  vertical  adjustment  the  width  exposed  to 
the  jet  can  be  varied. 

The  illustration  on  page  37  shows  a  form  of  motor- 
magnetic  interrupter  made  by  W.  Watson  &  Sons. 

B  is  a  star-shaped  armature  of  soft  iron  mounted 
on  the  jet  shaft.  The  break  is  placed  in  such 
a  position  that  b  is  close  to  e,  the  core  of  the  induc- 
tion coil.  G,  an  insulated  head,  is  twisted  by  hand 
to  start  the  jet,  and  also  to  cause  b  to  revolve,  and 
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this  alternately  magnetizes  and  demagnetizes  the 
core  of  the  induction  coil.  This  action  keeps  up  the 
rotary  motion  until  the  current  is  discontinued.  By 
adjusting  the  screw  D,  the  interrupter  is  turned 
round  a  small  arc  h  of  its  circumference,  and  the 
speed  controlled  by  altering  the  relative  positions 
of  B  and  E.     This  break  has  now  been  improved  by 


Fig.  10.     Type  of  Motor-magnetic  Interrupter. 

the  makers,  and  the  result  has  been  the  production 
of  the  '  Dreadnought '  interrupter.  In  it  two  or  four 
revolving  jets  are  employed  mounted  on  a  spindle, 
which  make  and  break  the  circuit  between  the 
stationary  contacts  by  means  of  a  bridge  of  mercury. 

The  interrupter  has  a  separate  motor  drive  with 
a  direct  connexion  between  its  axle  and  the  part  of 
the  instrument  producing  the  jet.  The  motor  is 
placed  on  top  of  the  break.  Thirty  amperes  can  be 
passed  through  it  at  220  volts. 

It   is   necessary   in   all   mercury   breaks   that,  as 
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electrical  action  is  taking  place  within  them,  there 
should  be  an  intervening  non-conductor.  Such  a 
medium  is  known  as  a  dialectric,  and  if  air  is  used 
as  such,  owing  to  the  fact  that  it  is  a  bad  non- 
conductor, an  explosion  will  at  once  take  place. 


Fig.  11.     'Dreadnought'  Intekruptek. 

The  best  medium  is  coal  gas,  and  in  the  illustration 
of  the  '  Gaiffe '  interrupter  two  taps  will  be  noticed 
marked  R,  into  one  of  which  the  gas  is  run  either  by- 
means  of  a  tube  connected  with  the  main  gas  supply 
or  by  a  specially  made  contrivance  shown  in  the 
illustration.     The  other  tap  is  used  partly  as  an 
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indicator,  as  when  it  is  opened  not  only  is  any  air 
in  the  break  allowed  to  escape,  but  if  a  match  is 
placed  to  it  and  the  flame  burns  normally,  we  know 
that  the  break  is  full  of  gas. 

The  turbine  or  jet  breaks  are  all  made  with  con- 
venience for  the  use  of  coal  gas  as  a  dialectric,  but 
in  other  breaks  not  so  provided,  acetone,  alcohol, 
ether,  or  paraffin  may  be  employed. 


Fia.  12.    Gas-bag  foe,  use  with  Mercury  Break. 

This  instrument  for  supplying  gas  to  a  mercury  break  is  made  of  rubber. 
A  is  attached  to  a  gas  supjaly  and  the  cock  c  is  opened,  and  gas  enters  the 
bag.  When  nearly  full,  the  supply  is  tiu-ned  off  and  the  gas  in  B  is  forced 
into  D.  c  is  then  closed.  A  is  then  attached  to  the  break,  and  c  opened, 
and  gas  forced  into  the  break  by  pressture  on  d.  Wlien  sufficient  has 
entered,  B  is  filled  ■with  gas  from  the  residue  of  d,  and  c  is  closed. 

Electrolytic  breaks,  also  called  Wehnelt's  break 
from  the  name  of  their  originator,  are  constructed  on 
a  totally  different  principle,  and  are  more  suitable 
for  heavier  currents,  as  a  much  more  rapid  rate  of 
interruption  is  obtained  from  them.  They  consist 
of  two  electrodes  immersed  in  dilute  sulphuric  acid 
of  the  strength  1  in  10.  The  anode  is  the  smaller  of 
the  two,  and  is  made  of  platinum,  while  the  kathode 
is  merely  a  large  plate  made  of  lead.  The  sulphuric 
acid  is  contained  in  a  glass  jar,  and  into  this  both  the 
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leaden  plate  and  the  platinum,  which  is  contained  in  a 
cylinder  of  porcelain,  dip.  A  screw  at  the  top  of  the 
porcelain  cylinder  enables  the  platinum  ^dre  projecting 
from  the  end  of  the  cylinder  to  be  raised  or  lowered. 
The  more  the  platinum  is  lowered  into  the  acid, 
the  greater  is  the  current  passed  and  the  slower  is 
the  rate  of  interruption. 


-Porcelain 


Platinum 
poln^ 


Fig.  13.    Electrolytic  Intebrxjptek. 

During  the  passage  of  the  current  a  chemical 
action  takes  place,  the  lead  of  the  lead  plate  uniting 
with  the  SO4  of  the  sulphuric  acid,  forming  lead 
sulphate,  and  liberating  hydrogen.  This  gas  collects 
as  a  small  bubble  on  the  end  of  the  platinum  point 
and  interrupts  the  passage  of  the  current,  but 
directly  the  bubble  bursts  the  current  flows  again. 

By  this  means  an  exceedingly  rapid  rate  of  inter- 
ruption is  attained,  and  when  it  is  desired  to  pass 
very  large    currents   as   many  as  tlu-ee   porcelains 
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with  platinum  points  are  employed,  and  by  means 
of  a  switch,  one,  two,  or  three  of  the  poles  can  be 
used  as  required.  The  noise  made  by  this  interrupter 
is  very  great  and  it  is  generally  necessary,  if  the 
break  is  to  be  kept  in  the  X-ray  room,  to  enclose 
it  in  a  felt-lined  box.  Frequently  it  is  placed 
in  a  passage  outside  the  room.  When  using  this 
kind  of  interrupter  it  should  be  noted  that  the 
primary  of  the  induction  coil  should  not  have  too 
many  windings,  that  there  is  no  need  to  use  a  con- 
denser, and  further  that  interruptions  cease  at  a 
temperature  of  90°  C.  An  electromotive  force  of  at 
least  twenty-four  volts  is  required  for  such  a  break, 
and  up  to  a  certain  point  the  higher  the  voltage  the 
better  will  the  break  work. 

As  regards  the  relative  value  of  mercury  and 
electrolytic  breaks,  it  has  already  been  stated  that 
a  more  rapid  rate  of  interruption  can  be  obtained 
by  the  electrolytic,  and  this  break  is  therefore  of 
more  value  when  heavy  currents  have  to  be  passed 
and  quick  exposures  made. 

For  screen  and  therapeutic  work  the  mercury  break 
should  be  used.  As  the  electrolytic  is  the  harder  on 
tubes,  from  a  monetary  point  of  view,  if  equally 
good  results  can  be  obtained  with  a  mercury  break 
it  should  be  used,  but  it  must  always  be  remembered 
that  coils  can  be  constructed  to  suit  both  breaks,  and 
therefore  every  good  installation  should  have  a  switch, 
by  the  turning  of  which  either  the  mercury  or  the 
electrolytic  interrupter  can  be  brought  into  action 
and  the  best  possible  results  obtained. 


CHAPTER  III 
SOUKCES  OF  SUPPLY  {Continued) 

Alternating  main  currents. 

An  alternating  current  rises  from  zero  to  maximum 
and  then  dies  away,  and  is  immediately  followed 
by  a  current  in  the  reverse  direction,  which  goes 
through  the  same  phase.  The  number  of  times  this 
complete  cycle  is  repeated  per  second  is  spoken  of 
as  its  frequency  or  periodicity.  This  varies  between 
50  and  100  in  different  districts. 

The  following  figure  will  explain  an  alternating 
current  diagram  ma  tic  ally. 

If  the  vertical  line  A — b  is  taken  as  electromotive 
force,  and  the  horizontal  line  c — d  as  the  time  of  the 
passage  of  the  wave,  it  is  possible  to  represent,  by 
different  kinds  of  curves,  the  voltage  attained  and 
the  period  of  time  an  alternating  cycle  takes  to  pass. 
Looking  at  the  figures  of  this  diagram,  the  current 
rises  from  zero  up  to  25  volts,  and  then  descends  to 
zero  again,  being  followed  by  the  reverse  current, 
which  sinks  to  —  25  volts,  and  rises  to  zero.  The  time 
of  any  part  of  the  upward  or  downward  curve  can 
be  calculated  on  the  horizontal  line,  which  is  divided 
into  ten  fractions  in  this  case,  each  of  which,  if 
the  periodicity  was  50  per  second,  would  represent 
l-500th  of  a  second. 

An  alternating  current  without  some  modification 
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is  not  suitable  for  working  with  an  induction  coil, 
for  although  the  current,  reversing  its  direction  as 
it  does,  say,  fifty  times  a  second,  may  seem  to  be 
a  suitably  interrupted  current,  the  secondary  or 
induced  current  is  also  alternating  in  character. 
One    way    of    remedying    this    is    to    make    this 
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Fig.  14.     Alternating  Current. 

secondary  current  unidirectional,  and  for  this  pur- 
pose an  instrument  called  a  motor  generator  may  be 
employed,  which  can  be  defined  as  an  electric  motor, 
used  to  generate  a  current  of  a  different  character 
from  the  one  supplied  to  it.  It  consists  of  a  motor 
and  a  dynamo  connected  together,  and  by  means  of 
it  either  a  continuous  current  can  be  obtained  from 
an  alternating  one,  or,  if  for  any  purpose  it  may  be 
wanted,  an  alternating  from  a  continuous  one. 

It  stands  to  reason  that  the  construction  of  such 
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a  motor  generator  will  depend  upon  both  the  voltage 
of  the  original  supply  and  also  the  voltage  that  it 
is  required  to  generate. 

If  it  is  used  for  the  purpose  under  discussion, 
namely  for  changing  an  alternating  to  a  continuous 
current,  the  original  alternating  current  acts  simply 
as  a  motive  power  to  the  alternating  motor. 

Another  way  out  of  the  difficulty  is  to  use  an 
interrupter  which  works  in  step  with  the  periodicity 
of  the  current,  and  transmits  impulses  in  one 
direction  only. 

By  means  of  the  electrolytic  interrupter,  some 
workers  are  satisfied  that  this  end  is  attained, 
because  pulsations  are  transmitted  in  one  direction 
more  easily  than  in  another,  and  if  the  platinum  points 
are  carefully  attended  to  they  claim  that  results 
are  satisfactory,  especially  if  the  break  is  arranged 
in  series  with  the  rectifier,  next  to  be  described, 
which  is  known  as  the  aluminium  cell.  This  is 
of  value,  owing  to  the  fact  that  aluminium  offers 
a  high  resistance  to  the  passage  of  a  current  when 
acting  as  an  anode,  but  not  as  a  kathode.  Therefore, 
if  a  cell  is  arranged  so  that  the  positive  pole  is  made 
of  aluminium,  and  the  negative  of  some  other 
metal,  the  current  passes  in  one  direction  only. 
If  both  poles  were  made  of  aluminium  no  current 
would  flow.  The  electrodes  are  immersed  in  a  jar 
of  saturated  ammonium  phosphate,  the  negative  one 
being  usually  composed  of  lead  or  iron.  A  thin  rod 
of  aluminium  should  be  used,  so  that  the  density  per 
unit  of  surface  of  the  current  shall  be  high. 
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This  action  of  aluminium  is  explained  as  being 
due  to  the  formation  of  a  film  of  oxide  of  aluminium 
on  the  surface,  which  acting  as  a  condenser  allows 
only  one  phase  to  pass. 

It  is  to  be  noted  that  if  four  aluminium  cells  are 
used,  both  halves  of  the  current  are  utilized,  and  the 
number  of  phases  per  second  is  doubled. 

Another  interrupter  which  can  be  used  with  an 
alternating  supply,  and  which  produces  a  current 
only  in  one  direction  suitable  for  passing  through  an 
induction  coil,  is  a  modification  of  the  '  Gaiffe '  instru- 
ment, mentioned  in  the  last  chapter.  Other  makers 
also  have  constructed  suitable  mercury  breaks  for 
this  purpose.  The  types  of  apparatus  for  modifying 
an  alternating  current  already  described  are  used 
with  the  object  of  rectifying  the  current,  so  that  it 
may  be  passed  through  an  induction  coil,  but  within 
the  last  few  years  efforts  have  been  made  to  utilize 
an  alternating  current  direct  for  the  purpose  of  pro- 
ducing X-rays.  This  has  now  been  accomplished  by 
means  of  what  is  called  a  high  potential  transformer, 
and  in  this  country  the  variety  used  goes  by  the 
name  of  the  inventor,  and  is  known  as  the  Snook 
apparatus.  To  understand  the  working  of  such  an 
instrument  it  is  necessary  to  consider  exactly  what 
a  transformer  is. 

A  transformer  is  used  for  the  purpose  of  altering 
the  voltage  of  an  alternating  current.  It  is  thus 
comparable  to  a  resistance  in  a  continuous  current. 
For  instance,  by  means  of  a  transformer  we  can  easily 
alter  a  current  of  100  amperes  at  one  volt  into  one 
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of  1-lOth  ampere  at  1,000  volts,  and  so  on,  and  in 
accomplishing  this  there  is  nothing  hke  the  waste 
of  energy  which  takes  place  when  the  voltage  of 
a  continuous  current  is  altered  by  means  of  a  resis- 
tance. Like  an  induction  coil  the  transformer  has 
an  iron  core,  round  which  is  wound  two  distinct 
coils  of  insulated  wire,  while  the  alternating  current 
replaces  the  interrupter  required  with  a  coil.  The 
windings  are,  as  in  the  induction  coil,  called  primary 
and  secondary,  and  the  increase  of  potential  in  the 
secondary  will  similarly  depend  upon  the  increased 
ratio  of  its  number  of  turns  of  wire. 

If  the  iron  core  is  straight,  like  the  core  of  an 
induction  coil,  the  circuit  is  said  to  be  open  ;  if  it 
takes  the  form  of  a  ring,  it  is  said  to  be  closed. 

In  the  high  potential  transformer  a  closed  circuit 
is  used,  and  as  the  object  of  the  transformer  in  this 
case  is  to  enormously  increase  the  voltage,  it  is 
called  a  step-up  transformer.  By  means  of  such 
an  instrument  an  ordinary  alternating  current  at, 
say,  200  volts  is  transformed  into  one  of  between 
70,000  and  100,000.  It  is  claimed  that  w^ith  a  current 
of  twenty-five  amperes,  forty  miUiamperes  can  be 
sent  through  the  X-ray  tube — an  amount  far  in 
excess  of  that  which  could  be  obtained  from  a  coil 
into  wdiich  nearly  double  the  quantitj^  of  current  had 
been  passed. 

The  Snook  apparatus  supplied  in  this  country  con- 
tains as  one  of  its  constituents  a  motor  generator, 
which  will  enable  a  continuous  current,  if  it  is  the 
main    source    of    supply,    to    be    changed    into    an 
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alternating  current,  which  is  essential  for  the  working 
of  the  apparatus. 

The  step-up  transformer  is  immersed  in  a  galva- 
nized iron  tank  filled  with  oil,  which  is  sealed,  and 
requires  no  attention. 

The  secondary  current  is  rendered  unidirectional 
by  means  of  some  sort  of  rectifier  or  commutator, 
which  is  carried  on  the  axle  of  the  motor  generator, 
and  cannot  therefore  get  out  of  step.  If  no  motor 
generator  is  required  because  the  '  Snook  '  is  con- 
nected directly  to  the  alternating  mains,  the  rectifier 
is  operated  by  a  small  synchronous  motor. 

The  advantages  of  this  apparatus  are  claimed 
to  be  simplicity,  the  great  amount  of  current  that 
can  be  obtained  for  the  X-ray  tube,  the  ease  with 
which  the  current  can  be  varied  by  means  of  a  switch 
handle,  the  small  amount  of  primary  ciurrent  re- 
quired, the  absence  of  reverse  current,  valve  tubes 
thus  being  unnecessary,  the  long  life  of  the  X-ray 
tube  used  with  it,  and  finally  the  good  and  clear  results 
obtained. 

We  have  now  fully  discussed  the  means  of 
producing  X-rays  when  we  are  able  to  obtain  the 
primary  current  from  the  mains.  If  we  are  unable 
to  do  this,  there  are  still  other  sources  at  our  disposal, 
which  we  will  now  consider. 

Primary  batteries. 

If  a  sufficient  number  of  these  are  connected  up, 
it  is  possible  to  obtain  a  current  of  some  strength, 
which  might  be  employed  for  our  purpose,  but  such 
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a  method  is  not  used  if  the  current  can  be  obtained 
from  other  sources.  There  are  many  varieties  of 
these  batteries — Daniell's,  Grove's,  Bunsen's,  Cliromic 
Acid,  Leclanclie,  &c.,  but  it  is  entirely  unnecessary 
to  go  into  the  details  of  them  all.  If  the  construc- 
tion of  a  simple  voltaic  cell  is  explained  it  will  be 
sufficient,  as  the  same  principle  underlies  the  con- 
struction of  all. 

If  zinc  and  copper  plates  are  immersed  in  dilute 


Fig.  15.     Voltaic  Cell. 

sulphuric  acid,  and  their  outside  terminals  connected 
by  wire,  chemical  action  takes  place,  and  the  zinc 
uniting  with  the  sulphuric  acid  forms  zinc  sulphate, 
and  liberates  hydrogen. 

Zn  +  H,SO,  =  ZnSO,  +  H^. 
Energy  is  thus  provided,  and  this  is  sufficient  to 
maintain  a  difference  of  potential  between  the  two 
plates,  and  a  current  flows  from  the  copper  to  the 
zinc  through  the  connecting  wire.  The  electromotive 
force  depends  upon  both  the  metals  employed,  and 
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if  it  is  so  desired,  two  metals  can  be  used  in  two 
liquids,  or  two  plates  of  the  same  metal  in  two 
liquids,  &c.  The  hydrogen  of  the  HgSO^  liberated 
close  to  the  zinc  plate  does  not  escape,  but  unites 
with  the  SO4  of  the  next  molecule  of  HgSO^  in  the 
direction  of  the  copper  plate,  and  this  action  con- 
tinues until  the  last  atom  of  hydrogen  escapes  close 
to  the  copper  plate. 

If  several  of  these  cells  are  connected  together  in 
series,  that  is  with  the  negative  pole  of  one  connected 
to  the  positive  of  the  next,  and  so  on,  the  E.M.F. 
will  increase  according  to  the  number  of  cells  joined 
to  each  other  ;  for  instance,  if  the  E.M.F.  of  one  cell 
was  1-5  volts,  six  cells  joined  in  series  would  have 
an  E.M.F.  of  9  volts ;  but  it  must  be  remembered 
that  the  actual  output  of  current  is  dependent  also 
upon  the  resistance,  externally  of  the  wire,  and 
internally  of  the  plates  and  fluid  in  the  cell,  and  in 
the  cells,  therefore,  connected  in  series,  the  resistance 
as  well  as  the  E.M.F.  will  increase  according  to  the 
number  of  cells  employed.  If,  however,  cells  are 
connected  in  parallel,  that  is  with  positive  pole 
united  to  positive,  and  negative  to  negative,  the 
E.M.F.  of  the  whole  is  no  greater  than  that  of 
a  single  cell,  but  the  internal  resistance  is  diminished 
according  to  the  number  of  cells  coupled  together. 

A  far  more  important  source  of  current,  which 
needs  careful  consideration,  is  obtamed  from,  not 
a  primary  battery,  but  from  a  secondary  one,  or 
accumulator. 

This  is  the   source  used  for  bedside  work,   and 
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also  for  field  service — in  fact,  for  any  purpose  where 
portability  is  the  prime  consideration.  An  accumu- 
lator is  a  vessel  containing  two  sets  of  lead  plates, 
one  set  negative  and  the  other  positive,  and  also 
a  solution  of  sulj)huric  acid  of  the  strength  1  in  5. 
Various  numbers  of  plates,  each  of  which  has  a 
terminal  for  wire  connexion,  are  placed  in  one  accu- 
mulator. Generally  seven  are  used,  four  negative  and 
three  positive,  but  as  few  as  five  or  as  many  as  eleven 
are  sometimes  emploj^ed.  For  use  in  X-ray  work 
usualty  four  batteries  are  connected  in  series  in  one 
box,  and  three  boxes  are  required — that  is  to  say, 
if  each  battery  has  a  voltage  of  two,  a  voltage  of 
twenty-four  is  obtained  by  means  of  three  boxes 
each  of  eight  volts. 

The  positive  plates  are  covered  with  peroxide  of 
lead,  which  makes  them  dark  chocolate  in  colour, 
while  the  negatives  have  a  sm-face  of  spongy  lead, 
and  are  gvej.  The  plates  generally  are  perforated 
ones,  and  are  then  known  as  '  grids  '.  They  are  all 
insulated  from  one  another  by  strips  or  buttons  of 
glass  or  celluloid.  When  an  accumulator  discharges 
during  use,  the  peroxide  of  lead  of  the  positive  plate 
becomes  reduced  to  the  suboxide,  while  the  spongy 
lead  of  the  negative  becomes  the  sulphate,  and  the 
strength  of  the  acid  weakens. 

The  capacity  of  an  accumulator  varies  with  the 
quantity  of  lead  in  the  plates,  and  is  expressed  in 
ampere-hours.  Thus  a  30  ampere-hour  cell  dis- 
charges at  the  rate  of  1  ampere  for  thirty  hours, 
2  for  fifteen,  and  3  for  ten,  and  so  on. 
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A  few  words  will  not  be  out  of  place  here  regarding 
the  charging  of  accumulators,  as  this  is  an  ex- 
ceedingly important  matter,  and  if  not  carried  out 
correctly  may  lead  to  the  destruction  of  the  cells. 

The  means  at  our  disposal  for  this  purpose  are  the 
mains,  both  continuous  and  alternating,  the  dynamo 
machine,  and  the  primary  battery. 

The  positive  pole  of  an  accumulator  is  always 
painted  red,  and  is  connected  to  the  positive  of  the 
charging  source,  while  the  negative  of  the  accumu- 
lator, painted  black,  is  joined  to  the  negative  of  the 
source.  Positive  and  negative  wires  can  be  tested 
by  moistened  litmus  paper  if  any  trouble  is  found 
in  locating  them,  the  positive  turning  the  paper 
red,  and  the  negative,  blue. 

In  charging  from  the  continuous  main,  the  current 
allowed  to  pass  into  the  accumulator  is  generally 
controlled  by  using  lamps  in  parallel,  as  a  resistance. 
If  the  alternating  mains  are  to  be  used  for  this 
purpose,  one  of  the  rectifiers  already  described  must 
be  employed,  the  one  in  general  use  being  the 
aluminium  cell. 

In  charging  from  both  a  dynamo  and  a  primary 
battery,  it  is  absolutely  necessary  for  the  voltage  of 
the  charging  source  to  be  higher  than  that  of  the 
accumulator  to  be  charged.  As  an  example  it  may 
be  stated  that  five  Daniell  cells  are  required  to  charge 
a  two- celled  accumulator.  As  long  as  the  E.M.F. 
remains  higher,  so  long  will  the  current  continue  to 
charge  the  accumulator,  and  thus  if  a  primary 
battery  is  used,  the  current  passing  to  the  accumulator 
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gradually  weakens,  until,  when  the  E.M.F.  of  both 
are  equal,  no  current  flows.  It  is  important  therefore 
to  stop  the  charging  before  the  current  from  the 
primary  battery  gets  too  low,  and  it  is  also  inadvis- 
able to  charge  at  an  excessive  rate.  It  should  further 
be  remembered  that  an  accumulator  should  never 
be  allowed  to  fully  discharge  before  a  fresh  current 
is  passed  into  it. 

Another  main  source  of  supply  which  we  have  to 
consider  is  the  dynamo,  but  this  is  hardly  a  book  in 
which  to  fully  describe  the  construction  of  such  a 
machine.  The  principle,  however,  may  be  mentioned. 
In  the  first  place,  some  driving  power  is  necessary, 
and  engines,  motors,  windmills,  bicycles,  and  even 
manual  power  have  all  been  employed  for  this  pur- 
pose. The  machine  itself  consists  of  two  parts,  an 
armature  and  a  field  magnet,  the  former  rotating 
between  the  two  poles  of  the  latter,  which  is  horse- 
shoe shaped.  When  the  armature  is  rotated  a  current 
is  started  in  it  from  the  permanent  magnetism  always 
present  in  the  magnet ;  this  current  in  turn  excites 
the  electro-magnet  by  sending  an  impulse  through 
the  coils  of  wire  wound  round  it. 

The  armature  and  the  field-magnet  thus  assist 
one  another,  and  eventually  the  latter  becomes  fully 
magnetized,  and  the  dynamo  may  be  said  to  have 
become  a  self-exciting  machine. 

In  America  a  frequent  source  of  supply,  the  last  we 
will  mention,  is  obtained  from  the  static  machine, 
which  has  many  advantages,  but  one  great  dis- 
advantage, namely,  the  large  size  of  the  apparatus. 
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The  history  of  static  electricity  apphed  to  medicine 
dates  back  over  a  hundred  and  fifty  years,  and  even 
at  that  time  treatment  was  given  to  people  suffering 
from  paralysis.  Originally  a  sulphur  ball  excited  by 
friction  was  used,  and  later  horsehair  cushions  were 
employed  to  produce  the  friction,  and  a  glass  cylinder 
replaced  the  sulphur  ball.  The  final  outcome  of 
experiments  has  been  the  production  of  the  Wims- 
hurst  machine.  It  consists  of  from  two  to  twelve 
circular  glass  or  ebonite  disks  mounted  in  pairs  upon 
a  horizontal  '  spindle  '.  These  rotate  in  opposite 
directions,  being  only  a  fraction  of  an  inch  apart. 
During  revolution,  which  may  be  started  by  handle 
or  electric  motor,  contact  is  made  with  a  pair  of  wire 
brushes.  The  whole  apparatus  may  be  enclosed  in 
a  glass  case,  which,  while  it  prevents  the  frequent 
necessity  for  cleaning,  adds  to  that  difficulty  when 
it  has  to  be  undertaken. 

The  current  generated  is  a  high-tension  one,  and 
no  coil  or  transformer  is  required,  while  there  is  a 
complete  absence  of  any  reverse  current,  at  any 
rate  during  use. 


CHAPTER  IV 

ACCESSORIES 

In  the  preceding  chapters  the  sources  from  which 
the  primary  current  is  obtained  have  been  described, 
and  also  the  methods  employed  for  utilizing  it,  in 
order  that  it  may  be  suitable  for  the  production  of 
X-rays.  Some  knowledge  of  certain  accessory  parts 
is  also  necessary,  for  with  it  we  are  enabled  to  control 
the  current  from  its  main  supply  until  it  reaches  the 
tube,  and  further  to  place  the  latter  in  the  most 
suitable  position  for  obtaining  the  results  we  desire. 

The  various  switches  and  handles  must  be  within 
the  operator's  easy  reach,  and  for  that  purpose  every 
installation  has  now  a  switch- board  or  trolley- table, 
which  is  used  as  a  control.  The  trolley-table  is 
a  newer  invention,  and  has  the  advantage  over  the 
switch-board  of  being  movable. 

The  various  units  of  the  switch-board  are  mounted 
on  a  large  marble  slab,  attached  to  the  wall ;  on  the 
trolley- table  they  are  fixed  to  the  surface,  above  the 
resistance  coils. 

On  both  a  main  switch  must  be  placed  in  order  to 
control  the  main  current. 

The  strength  of  current  sent  to  the  primary  of  the 
coil  is  varied  by  turning  a  lever,  which  makes  contact 
with  a  series  of  brass  studs,  thereby  increasing  or 
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decreasing  the  resistance.  The  quantity  of  current 
is  measured  by  an  instrument  called  an  amperemeter 
or  ammeter,  which  registers  the  number  of  amperes 
passing  to  the  coil.  This  has  the  appearance  of 
a  large  clock,  and  is  in  reality  a  galvanometer, 
graduated  to  give  readings  in  amperes. 

If  the  primary  source  of  current  is  alternating,  it 
will  be  necessary  to  have  another  instrument,  similar 
in  appearance  to  the  ammeter,  but  called  in  this 
instance  a  voltmeter,  as  it  measures  the  pressure  of 
the  current  supplied  by  the  motor  generator,  which 
is  required  to  transform  the  alternating  into  the 
direct  current.  It  is  important  to  note  that  am- 
meters have  a  low  resistance,  and  should  therefore 
be  connected  in  series  with  the  apparatus  which  they 
measure,  while  voltmeters,  having  a  high  resistance, 
are  thus  protected  from  overheating,  and  can  be 
connected  up  direct. 

A  control  may  be  fitted  so  that  the  speed  of  the 
interruption  of  the  mercury  break  may  be  altered, 
and  a  special  lever  must  also  be  attached  to  the 
switch-board,  or  trolley,  for  utilizing  the  electrolytic 
break,  whereby  one,  two,  or  three  poles  can  be  used 
either  separately  or  all  together. 

A  pilot  lamp  is  necessary  to  indicate  if  the  current 
is  passing. 

The  starting-switch  may  be  placed  on  the  board,  or 
trolley,  but  in  some  cases  it  takes  the  form  of  an 
independent  foot-pedal,  which  is  very  convenient. 
If  one  limb  of  the  pedal  is  pressed  down  no  current 
is  passing  ;   if  the  two  limbs  are  horizontal  the  pilot 
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lamp  goes  out,  and  the  room  may  be  left  in  perfect 
darkness,  while  if  the  other  pedal  is  pressed  down  the 
current  flows. 

Safety  fuses  are  also  fitted  to  protect  the  various 
parts. 

The  trolley-table  is  an  exceedingly  useful  apparatus, 
and  is  now  in  great  demand. 

It  consists  of  a  slab  of  marble  or  metal,  mounted 
upon  four  legs  on  castors.  Immediately  underneath 
the  slab  the  resistance  coils  are  fixed,  and  are  placed 
some  distance  apart,  so  that  overheating  is  prevented, 
and  surrounded  by  a  square  metal  casing,  which  is 
perforated  in  order  to  permit  free  ventilation.  To 
the  left,  just  below  the  level  of  the  surface  of  the 
table,  is  a  switch,  which  when  turned  up  causes 
the  resistance  to  be  in  '  series  ',  and  when  down 
in  '  shunt '.  An  alteration  from  '  series '  to  '  shunt ', 
or  vice  versa,  should  never  be  made  until  the  main 
switch  has  been  disconnected. 

The  back  part  of  the  apparatus  projects  some 
distance  above  the  slab  surface,  and  on  it  is  fixed  an 
amperemeter,  and  a  pilot  lamp,  connected  with  the 
'  series  '  resistance,  coloured  blue.  Mounted  on  the 
left  side  of  the  table  is  the  main  switch,  and  also 
a  lever  which  can  be  moved  along  a  row  of  brass 
studs  and  thus  control  the  resistance. 

The  current  can  be  sent  through  the  mercury 
break  by  moving  another  lever  along  a  row  of  studs, 
to  the  right,  and  through  the  electrolytic  break  if 
this  lever  is  turned  to  the  left,  one  or  two  poles  being 
utilized  as  desired. 
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In  the  middle  of  the  table  is  the  control  switch. 
When  the  handle  is  vertical  the  two  levers  make 
contact  with  two  studs,  and  the  current  goes  to 
the  coil,  and  when  it  is  pulled  across  the  contact 
is  broken  instantaneously.  Behind  this  is  placed 
a  second  pilot  lamp,  which  is  illuminated  when 
the  resistance  is  in  '  shunt ',  and  unlike  the  other 
lamp  continues  to  be  so  when  the  current  is  passing 


Fig.  16.     Control  Switch. 

to  the  coil.  On  the  right  side  of  the  table  the 
break  is  placed,  which  is  of  the  motor-magnetic 
type.  The  rate  of  interruption  is  controlled  by 
simply  moving  a  vulcanite  handle  up  or  down — up 
to  increase  the  rate,  and  down  to  diminish  it. 

It  will  be  readily  understood  how  very  convenient 
this  type  of  trolley-table  is,  owing  both  to  its  com- 
pactness and  to  the  ease  with  which  it  can  be  moved 
about. 

For  successful  X-ray  work  it  is  essential,  because 
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of  the  frequency  with  which  it  is  used,  that  every 
radiographer  should  possess  an  X-ray  table  or  couch 
of  sound  construction. 

This  should  be  made  of  convenient  length  and 
breadth,  and  is  generally  seven  feet  long  and  two  and 
a  half  feet  broad.  The  surface  is  either  covered  by 
canvas,  which  can  be  tightened  by  means  of  small 
screws  attached  to  the  side,  or  may  be  made  of  strong 
three-ply  wood,  which  does  not  obstruct  the  passage 
of  the  rays.  The  X-ray  tube  may  either  be  supported 
above  or  below.  Frequently  now  tables  are  made 
with  conveniences  for  one  tube  to  be  placed  below 
in  a  box,  and  another  to  be  held  in  position  above, 
so  that  compression  may  be  obtained  and  the  Schon- 
berg  apparatus  used. 

A  most  useful  couch,  shown  in  the  illustration,  is 
manufactured  by  F.  R.  Butt  &  Co.,  of  Wardour 
Street. 

In  this  type  the  box,  which  contains  the  tube  below 
the  table,  is  made  of  wood,  lined  with  X-ray  proof 
material,  and  is  rectangular  in  shape.  It  has  an  open- 
ing above,  generally  controlled  by  a  diaplu-agm,  and 
two  hinged  doors,  placed  at  the  front  and  back  re- 
spectively. A  side  window  is  also  provided,  and  a 
view  of  the  tube  obtained  through  a  lead  glass  pane. 
The  bottom  of  the  box  has  two  grooves  rumiing  in 
its  long  axis,  into  which  the  tube-holder  is  slipped. 
This  holder  is  of  the  same  length  as  the  box,  having  a 
rectangular  frame  with  two  vertical  supports  ending 
in  wooden  clamps,  which  securely  grip  the  glass  anode 
and  kathode.    The  supports  can  be  raised  or  lowered 
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so  that  the  tube  can  be  altered  in  height  if  necessary. 
The  anti-kathode  is  usually  fixed  twenty-one  inches 
from  the  plate,  but  if  at  that  distance  with  the 
diaphragm  widely  open  a  twelve  by  ten  inch  radio- 


FiG.  17.     Standabd  Couch  Trolley  Unit. 

gram  can  only  be  taken,  by  lowering  the  height  of 
the  tube  the  image  becomes  enlarged,  and  a  twelve 
by  fifteen  inch  plate  can  be  covered. 

To  the  bottom  of  the  box  are  fitted  rollers,  which 
enable  it  to  be  moved  from  side  to  side  across  the 
breadth  of  the  table  along  two  rails,  the  ends  of 
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which  fit  into  two  transverse  bars,  which  in  their 
turn  are  also  mounted  on  rollers,  and  run  along  rails, 
allowing  a  backward  and  forward  movement  of  the 
box.  On  one  side,  attached  to  one  of  the  transverse 
bars,  and  thus  moving  with  the  box  in  the  long  axis 
of  the  table,  is  an  upright  cylindrical  metal  bar. 

Above  the  surface  of  the  table,  made  to  slide  up 
and  down  this,  is  a  horizontal  arm,  also  cylindrical 
in  shape.  A  scale  is  marked  on  it,  and  a  similar  one 
also  is  placed  by  the  side  of  the  rail  on  which  the 
box  runs,  when  it  is  moved  from  side  to  side.  The 
horizontal  arm  is  encircled  by  a  ring,  capable  of 
lateral  movement,  to  which  is  attached  a  plumb 
bob. 

If  the  plumb  bob  is  placed  directly  over  the  centre 
of  the  part  to  be  examined,  the  ring  will  lie  over 
a  number  on  the  upper  scale.  If  the  side  of  the  tube 
box  near  the  upright  arm  is  placed  over  a  similar 
number  on  the  lower  scale,  the  centre  of  the  anti- 
kathode  will  then  be  immediately  under  the  centre 
of  the  part  to  be  examined,  provided  always  that  the 
tube  has  been  correctly  centred  within  the  box. 

The  advantage  of  this  will  be  readily  understood, 
as  in  the  examination  of  renal  cases,  for  example, 
there  will  be  no  necessity  to  make  any  screen  exami- 
nation, and  time  will  thus  be  saved. 

The  transverse  bar  can  be  further  used  as  a  com- 
pressor, if  no  special  apparatus  for  that  purpose  is 
fixed. 

In  order  to  bring  the  current  from  the  coil  to  the 
tube,  spring  cables  are  generally  employed  as  con- 
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ductors.  Insulated  terminals  to  which  the  secondary 
is  connected  are  fixed  on  the  stand  supporting  the 
coil,  and  from  these  the  spring  cables  run  to  other 
insulated  terminals  attached  to  the  side  of  the  table 
nearest  the  coil.  The  connexion  between  the  table 
and  the  box  is  made  by  means  of  other  spring  cables, 
and  the  circuit  completed  by  joining  the  tube  to  the 
box  by  ordinary  cable  wire. 

The  diaphragm,  as  previously  stated,  controls  the 
size  of  the  opening  through  which  the  rays  reach 
the  part  to  be  examined,  and  is  fixed  to  the  top  of 
the  tube  box.  By  means  of  handles  the  opening  is 
made  larger  or  smaller  at  will,  by  the  inter- 
position of  metal  plates,  opaque  to  the  rays, 
between  the  tube  and  the  object.  Two  patterns 
are  used — one  called  the  iris  diaphragm,  which 
controls  a  circular  aperture,  and  the  other  called  the 
rectangular  diaphragm,  which  controls  a  rectangular 
opening.  For  many  purposes  the  latter  is  to  be  pre- 
ferred, for  example  in  spinal  cases,  when  a  consider- 
able length  of  the  vertebral  column  can  be  examined, 
while  all  unnecessary  rays  are  cut  off  from  side  to 
side.  This  raises  the  question  of  what  is  the  real 
use  of  the  diaphragm,  and  on  this  point  consider- 
able misunderstanding  exists.  It  has  already  been 
explained  that  the  rays  emanate  from  the  focal 
point  of  the  anti-kathode,  and  from  there  they 
diverge  in  straight  lines,  with  the  result  that  when 
the  rays  impinge  upon  a  body  placed  in  their  path, 
and  this  body  is  reproduced  in  a  radiogram,  the 
marginal    parts    become    magnified    and    distorted, 
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while  the  central  parts  are  clear  and  in  focus.  Part 
of  the  function  of  a  diaphragm  therefore  is  to  cut 
off  these  marginal  rays,  but  this  is  not  its  only  one, 
because  secondary  rays  are  produced  by  the  impact 
on  the  glass  walls  of  the  tube  of  the  anti-kathode 
rays,  and  it  is  these  rays  that  largely  blur  the 
definition.  Thus  the  chief  object  of  the  diaphragm 
is  to  cut  oil  as  many  secondary  rays  as  possible,  so 
that  the  image  obtained  may  be  clear. 

The  compression  apparatus  previously  mentioned, 
of  the  Schonberg  type,  is  fitted  above  the  table,  and 
need  not  interfere  with  the  parts  just  described.  Its 
object  is  to  prevent  movement,  and  to  fit  the  plate 
as  closely  as  possible  to  the  organ  under  examination. 
It  is  generally  used  in  renal  cases,  and  with  it  a  clear 
outline  of  the  kidneys  can  be  obtained,  as  they  are 
held  in  position,  and  do  not  move  up  and  down  with 
respiration,  while,  further,  the  intestines  are  pushed  out 
of  the  way.  The  tube  is  fitted  in  a  holder  surrounded 
by  X-ray  proof  material,  and  can  be  rotated  into 
any  angle  required.  The  part  of  the  instrument  which 
comes  into  contact  with  the  patient  is  tubular,  and 
the  circular  opening  is  controlled  by  a  diaphragm, 
a  vulcanite  or  rubber  rim  being  brought  down 
firmly  against  the  abdomen.  Compression  may  be 
obtained  more  simply  by  means  of  the  horizontal 
bar  of  the  centring  apparatus,  when  the  kidneys  are 
fixed  by  an  inflated  air-bag,  or  by  a  ball  of  worsted, 
which  is  placed  between  the  ensiform  cartilage  and 
the  umbilicus.  The  patient  puts  his  whole  weight 
on  the  bag  or  ball,  while  over  the  plate  is  placed 
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a  sheet  of  metal,  on  which  a  sand-bag  can  be  laid 
before  the  bar  is  brought  down  upon  it. 

For  bismuth  and  chest  examinations  it  is  necessary 
that  the  patient  should  be  examined  not  only  in 


Fig.  18.     Universal  Design  of  X-ray  Couch. 

the  horizontal  position,  but  in  the  vertical  also,  and 
for  this  reason  various  kinds  of  upright  stands  have 
been  constructed. 

These  are  made  on  the  principle  that  the  patient 
should  rest  his  weight,  when  standing  or  sitting, 
against  a  vertical  surface  made  of  wood  or  canvas, 
extending  roughly  from  his  head  to  his  pelvis. 
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For  this  purpose  the  stand  must  be  constructed 
of  stout  material,  either  of  wood  or  metal,  and  must 
be  heavy  enough  to  bear  the  weight  of  the  patient 
pressing  backwards  against  it. 

The  tube  is  placed  behind  in  an  X-ray  proof  box 
which  moves  upwards  and  downwards  by  means  of 
counter  weights,  and  from  side  to  side  on  rollers, 
these  movements  being  controlled  by  handles  on  the 
right-hand  side  of  the  apparatus.  The  tube  may 
be  moved  within  the  box,  to  the  front  of  which  is 
attached  a  diaphragm,  nearer  or  farther  from  the 
subject. 

The  screen  may  either  be  held  in  the  operator's 
hand  or  fixed  to  the  apparatus  in  such  a  way  that 
it  moves  upwards  and  downwards  with  the  box. 
A  revolving  saddle  is  frequently  attached  to  the 
stand,  on  which  the  patient  can  sit,  and  be  rotated 
to  the  required  angle  from  which  it  is  desired  to 
make  the  examination. 

When  standing,  movement  may  be  inhibited  by 
means  of  straps  which  pass  across  the  body,  and 
two  supports  for  the  armpits  are  also  fixed  which 
can  be  moved  up  and  down,  according  to  the  height 
of  the  patient. 

For  therapeutic  work  special  treatment  stands  are 
made,  preferably  of  metal  for  stability.  These  run 
on  castors,  and  can  thus  be  moved  about  and  placed 
in  position,  either  over  a  couch  or  chair  according 
to  requirements. 

The  tube  is  placed  in  a  holder  made  of  wood  and 
covered  with  X-ray  proof  material,  or  within  a  shield 
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made  of  lead  glass,  which  affords  protection  to  the 
operator.  This  is  attached  to  the  end  of  a  horizontal 
bar,  which  is  made  to  move  up  and  down  a  vertical 


Fig.  19.    Upkight  Stand. 

bar  mounted  on  a  solid  base,  and  is  constructed  so 
that  universal  movement  is  permitted. 

The  rays  are  emitted  through  a  circular  opening, 
over  which  is  placed  a  cylindrical  funnel.       Such 
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funnels  are  made  of  different  diameters  varying  from 
three  to  six  inches  in  length,  and  are  composed  of 
lead  glass.  When  they  are  used  there  is  no  necessity 
to  protect  the  surrounding  tissues  with  lead,  as  the 
rays  can  only  reach  the  part  immediately  underneath 
the  mouth  of  the  funnel. 

A  small  hole  is  made  in  the  lead-glass  shield, 
through  which  a  holder  with  a  Sabouraud  pastille 
can  be  passed,  so  that  the  anti-kathode  rays  will 
impinge  upon  it,  and  the  dose  given  be  measured. 
Over  the  circular  opening  of  the  shield  an  aluminium 
disk  is  placed  varying  from  -5  to  2  millimetres  in 
thickness,  through  which  the  rays  pass  and  are 
filtered  before  they  reach  the  patient.  Several  other 
materials  may  be  used  for  filtering  purposes,  such  as 
felt,  chamois  leather,  lead  acetate  lint,  or  sodium 
tungstate  lint,  but  aluminium  is  employed  more 
frequently  than  any  of  these. 

It  is  necessary  before  concluding  this  chapter  to 
mention  a  few  more  accessories  in  general  use  for 
X-ray  work. 

There  are  two  kinds  of  screens — fluorescent  and 
intensifying. 

The  fluorescent  screen  is  made  by  spreading 
crystalline  barium  platinocyanide  on  cardboard. 
An  emulsion  of  this  is  made  with  collodion,  amyl 
acetate,  and  acetone.  It  is  important  that  this 
should  be  laid  on  evenly.  After  drying,  the  cardboard 
is  mounted  in  a  wooden  frame,  and  its  surface 
covered  Avith  glass,  while  black  paper  is  pasted  over 
the  back.     The  barium  salt  is  green  in  colour,  but 
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the  rays  change  this  in  time  into  orange  brown, 
in  which  circumstances  the  fluorescent  power  is 
impaired.  This  can  be  rectified  by  exposure  to 
dayUght. 

In  making  an  examination  the  screen  should 
always  be  held  parallel  to  the  object,  as  otherwise 
distortion  is  produced. 

Further,  it  must  be  held  in  close  apposition  to  the 
part,  as  the  farther  away  it  is  held  the  larger  becomes 
the  image.    These  screens  are  made  in  various  sizes, 
varying  generally  from  whole  plate  to  15  inches  x 
12  inches. 

The  intensifying  screen  may  be  composed  of 
various  chemical  constituents,  such  as  zinc  sulphide, 
calcium  tungstate,  or  platinocyanide  of  potash.  The 
screen  is  placed  in  contact  in  the  dark  room  with  the 
film  side  of  a  plate,  both  of  which  are  enclosed  in 
a  '  cassette  ',  or  wooden  frame.  This  cassette  when 
placed  in  apposition  to  the  patient  must  be  turned 
so  that  the  glass  side  of  the  plate  faces  the  patient, 
the  rays  thus  passing  from  the  glass  side  to  the  film 
side,  and  then  to  the  screen.  The  result  of  this  is 
that  the  plate  is  '  intensified ',  and  a  much  shorter 
exposure  is  required.  Screens  of  this  type  are  there- 
fore largely  used  in  instantaneous  work,  but  have  the 
objection  of  frequently  '  graining  '  the  film,  and  thus 
interfering  with  definition. 

In  order  to  measure  the  current  passing  from  the 
coil  to  the  tube  a  milliamperemeter  is  used.  This  is 
similar  in  construction  to  an  amperemeter,  but,  as  will 
be  realized  by  the  name,  measures  the  current  not 

F  2 
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in  amperes  but  in  thousandth  parts  of  an  ampere. 
This  is,  of  course,  because  after  passing  through  the 
coil  the  current  has  been  altered  from  one  of  low 
voltage  and  high  amperage  to  one  of  high  voltage 
and  low  amperage.  The  milliamperemeter  must  be 
placed  so  that  it  measures  the  current  after  it  has 
passed  through  the  necessary  amount  of  valve  tubes, 
as  then  the  reading  will  give  the  amount  of  current 
passing  in  the  right  direction,  and  the  strength  of 
the  inverse  current  will  not  be  included.  In  order 
to  gauge  the  amount  of  '  inverse  ',  an  instrument 
called  an  oscilloscope  is  employed.  This  is  a  vacuum 
tube,  in  shape  like  a  test  tube  closed  at  both  ends, 
which  when  connected  to  a  high  potential  discharge, 
such  as  that  obtained  from  an  induction  coil,  shows 
a  violet  glow  upon  its  negative  wire  proportionate  to 
the  amount  of  current  passing.  If  the  current  is 
alternating,  the  positive  wire  shows  a  similar  pheno- 
menon, and  according  to  the  amount  of  glow  in  the 
positive  the  inverse  current  can  be  calculated.  Re- 
garding the  question  of  protection  against  the  rays, 
an  operator  should  always  wear,  especially  during 
screen  examinations,  a  pair  of  rubber  gloves 
impregnated  with  lead,  as  the  region  of  the  hands 
and  wrists  is  particularly  liable  to  be  affected. 
The  dangers  of  dermatitis  and  epithelioma  without 
such  a  protection  are  very  real,  and  no  excuse  can 
be  made  for  the  radiographer  who  does  not  now 
safeguard  these  parts. 

Protection  to   the  eyes  is   obtained  by  wearing 
spectacles  made  of  lead  glass,  and  the  body  may  be 
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covered  with  a  heavy  rubber  apron,  or  shielded  by 
means  of  a  special  lead  screen.  It  is  believed  that, 
without  such  caution,  sterility  may  result  owing  to 
the  action  of  the  rays  on  the  testicles,  or  even  on 
the  ovaries,  but  such  views  have  not  been  entirely 
borne  out  by  facts. 

In  concluding  this  chapter,  as  the  various  parts  of 
an  X-ray  installation  have  been  described,  the 
following  illustration  of  a  method  of  wiring  should 
be  of  interest.  Three  accumulators  of  twelve  volts 
each  are  used  to  supply  the  current,  and  of  these 
two  only  are  sufficient  to  run  the  motor  of  the  break. 
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Fig.  20. 


Diagram  to  illustrate  connexions  between  Switch-board,  Induction  Coil, 
Mercury  Break,  and  Accumulators. 


CHAPTER  V 

LOCALIZATION  OF  FOREIGN  BODIES 

After  their  discovery,  X-rays  were  employed 
from  the  very  first  for  the  examination  of  patients 
with  a  view  to  ascertaining  the  position  of  foreign 
bodies.  It  is  not  surprising,  therefore,  that  this 
branch  of  radiography  has  been  elaborated,  and  that 
now  the  exact  position  of  a  foreign  body  can  be 
stated  with  the  utmost  precision. 

Most  metals  are  opaque  to  the  rays,  and  can 
therefore  easily  be  seen  in  contrast  to  the  surrounding 
tissues.  The  most  opaque  of  all  is  aluminium,  but 
foreign  bodies  of  this  material  are  not  common.  Glass 
can  easily  be  detected  if  made  of  lead,  less  readily 
if  of  potash.  On  the  other  hand,  wood  throws  no 
shadow,  and  therefore  X-rays  are  useless  for  the 
examination  of  splinters. 

It  is  as  well  to  point  out  here,  concerning  foreign 
bodies,  that  a  negative  diagnosis  should  never  be 
given  if  a  screen  examination  alone  has  been  made, 
and  that  radiographers  should  always  safeguard 
themselves  in  such  cases  by  taking  two  radiograms 
as  well. 

Further,  that  the  X-ray  couch  may  be  modified  as 
an  operating  table,  and  bullets,  &c.,  removed  in  the 
X-ray  room.  When  this  is  possible  it  will  be  found 
that  the  examination  can  be  greatly  facilitated  by 
means  of  the  telephone  probe. 
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Many  methods,  especially  recently,  have  been 
devised  for  localization  of  foreign  bodies,  but  their 
description  can  be  simplified  by  grouping  them  into 
three  main  categories  : 

I.  The  method  of  right-angled  planes. 
11.  The  method  of  triangulation. 

III.  The  parallax  method. 
These  must  each  be  described,  and  it  will  be  found 
that  every  modification  of  localizer  will  fall  into  one 
or  other  section. 

I.   The  method  of  right-angled  'planes 

In  this,  two  marks  are  made  on  the  skin  vertically 
over  the  shadow  cast  by  a  foreign  body,  when 
examined  both  from  the  front  and  from  the  side — 
that  is  to  say,  at  an  angle  of  45  degrees  from  each 
other.  From  each  of  these  marks  imaginary  per- 
pendicular lines  are  dropped,  and  the  foreign  body 
sought  for  at  the  point  where  they  intersect.  The 
examination  may  be  confirmed  by  taking  two 
radiograms  at  right  angles  to  one  another.  Acting 
on  this  principle,  four  marks  can  be  made  instead  of 
two,  the  limb  being  examined  from  the  front,  from 
the  back,  and  from  both  sides. 

In  order  that  these  observations  should  be  as 
accurate  as  possible,  it  has  been  suggested  that  a  ring 
localizer  should  be  employed.  The  limb  is  placed  at 
first  in  a  fixed  position,  and  care  is  taken  to  ensure 
the  beam  being  vertically  below.  The  diaphragm 
is  narrowed  down,  and  when  a  small  aperture  alone 
remains  and  the  foreign  body  is  seen  lying  in  the 
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centre,  a  metal  ring,  with  an  internal  diameter  of 
two-thirds  of  an  inch,  attached  to  a  wooden  handle, 
is  slipped  between  the  upper  part  of  the  limb  and  the 
screen.  A  mark  is  then  made  over  the  shadow  of  the 
foreign  body.  The  ring  is  afterwards  placed  below 
the  limb  and  another  mark  made.  The  process  is 
repeated  when  the  part  to  be  examined  has  been 
rolled  over  at  an  angle  of  45  degrees,  and  thus  the 
four  points  desired  are  obtained. 

Shenton  described  a  method  several  years  ago  of 
applying  the  principle  of  right-angled  planes.  When 
he  had  obtained  his  first  mark  he  rolled  the  limb 
over  at  right  angles,  and  placed  the  point  of  a  probe, 
held  parallel  with  the  screen,  in  contact  with  the 
mark.  Next,  a  piece  of  lead  foil  was  slipped  over 
the  probe  until  its  distance  from  the  point  was  equal 
to  that  of  the  point  from  the  shadow  of  the  foreign 
body.     This,  of  course,  gave  the  depth. 

II.   The  metliod  of  triangulation 
In  this  the  tube  is  moved  a  fixed  distance  between 
two  exposures,  and  one  or  two  plates  taken,  two 
shadows  of  the  foreign  body  resulting. 

If  the  distance  of  the  anti-kathode  from  the  plate, 
the  amount  of  lateral  movement  of  the  tube,  and 
the  space  between  the  two  shadows  on  the  radiogram 
are  known,  the  depth  of  the  foreign  body  below  the 
screen  may  be  calculated.  It  is  not  necessary,  how- 
ever, always  to  take  radiograms,  as  from  a  screen 
examination  alone  the  depth  may  be  obtained  by 
multiplying  the  distance  of  the  anti-kathode  from 
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screen  by  the  length  of  the  space  between  the 
shadows  on  the  screen,  and  dividing  the  product  by 
the  sum  of  the  amount  of  lateral  movement  of  the 
tube  and  the  length  of  the  space  between  the  shadows. 
Thus  if  D  is  the  distance  of  the  anti-kathode  from 
the  screen,  S  the  length  of  the  space  between  the 
shadows,  and  T  the  amount  of  lateral  movement  of 
the  tube,  the  following  calculation  will  give  the  depth 
of  the  foreign  body  below  the  screen: 

rp     o  =  Depth  of  foreign  body. 

When  plates  are  taken,  the  method  of  Mackenzie 
Davidson  is  largely  used.  By  means  of  cross  threads 
which  represent  the  rays  proceeding  from  the  focal 
point  of  the  tube,  exact  data  can  be  obtained,  and 
the  surgeon  can  operate  with  perfect  confidence. 
Two  exposures  may  be  made  on  one  plate,  or  two 
plates  may  be  taken. 

Bound  the  envelope  containing  the  plate  two  wires 
at  right  angles  are  tied.  If  these  are  dipped  in  a  dye, 
cross  lines  are  marked  on  the  patient's  body  corre- 
sponding to  the  cross  lines  that  will  be  seen  on  the 
negative  when  developed.  One  quadrant  of  the 
plate  and  a  similar  quadrant  on  the  patient  should 
be  marked.  The  tube,  which  may  either  be  above 
or  below,  is  moved  a  fixed  distance  (3  centimetres 
to  either  side  of  the  central  position)  parallel  with 
the  plate  between  the  exposures. 

It  is  important,  if  possible,  that  the  patient 
should  be  placed  so  that  the  long  axis  of  the  foreign 
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body  is  at  right  angles  to  the  displacement  of  the 
tube,  in  order  that  the  shadows  may  not  overlap. 

After  development  the  negative  is  laid  on  the 
localizer,  a  recent  modification  of  which  is  seen  in  the 
diagram.     On  the  surface  of  this  are  two  cross  lines. 


Fig.  21.     Mackenzie  Davidson  X  Thread  Localizer. 
For  use  in  conjunction  with  Head  Localizing  Apparatus. 

The  plate  is  placed  on  it  with  the  film  side  upward 
so  that  the  cross  wires  are  superimposed  upon  the 
cross  lines  of  the  localizer.  If  it  has  been  necessary, 
because  of  the  thickness  of  the  structures,  to  take 
two  plates,  a  tracing  of  each  must  be  taken  on 
a  sheet  of  celluloid  or  ground  glass,  which  in  its  turn 
is  placed  on  the  localizer. 

The  glass  surface  of  the  latter  is  illuminated  by 
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means  of  a  mirror,  the  angle  of  which  can  be  adjusted 
until  the  correct  lighting  effect  is  obtained.  A 
perpendicular  graduated  bar  is  placed  at  the  back 
of  the  surface  of  the  localizer,  and  from  it  projects 
a  T  piece  set  at  right  angles,  which  can  be  moved 
upwards  or  downwards.  The  distance  between  the 
arms  of  the  T  piece  corresponds  to  the  distance  that 
the  tube  is  moved  between  the  exposures,  and  the 
height  at  which  it  is  placed  corresponds  to  the  distance 
between  the  anti-kathode  and  the  plate.  Through 
the  two  extremities  of  the  T  piece,  which  are  notched, 
two  threads  pass,  terminating  in  two  needles  attached 
to  weights,  which  are  placed  on  the  surface  of  the 
plate  or  celluloid.  These  are  laid  on  the  shadows  of 
the  foreign  body  in  such  a  way  that  the  two  threads 
are  crossed,  the  thread  on  the  right  side  passing  to 
the  left  shadow,  and  the  one  on  the  left  to  the  right 
shadow. 

The  remaining  part  of  the  apparatus  consists  of 
a  small  movable  vertical  scale,  with  two  horizontal 
pointers  set  at  right  angles  to  each  other.  If  the 
base  of  this  instrument  is  placed  on  one  of  the  lines 
of  the  quadrant  which  contains  the  shadow,  the 
depth  of  the  foreign  body  beneath  the  skin  and  the 
distance  in  one  direction  can  be  obtained  by  sliding 
the  upper  pointer  until  it  just  touches  the  inter- 
section of  the  threads.  The  distance  in  the  other 
direction  may  be  obtained  by  sliding  the  lower 
pointer  until  it  touches  the  other  line. 

Thus  the  distance  of  the  foreign  body  from  two 
fixed  lines  has  been  obtained  and  the  distance  above 
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them  as  well,  and  as  these  lines  are  also  marked  on 
the  patient,  the  exact  position  of  the  foreign  body 
can  be  recorded,  e.g. — 

Depth  of  foreign  body  1-5  cm. 

North        .         .         .2-5  cm. 

East  .         .         .3-5  cm. 

It  may  be  mentioned  that  special  couches  are  con- 
structed for  field  service,  having  cross  wires  stretched 
over  the  vellum  cover  of  a  plate-changing  box.  The 
tube  is  placed  above  in  a  cross  bar  tube-holder. 

Lateral  movement  of  foreign  body  in  centimetres. 

Depth  of  foreign  body  in  centimetres. 
Fig.  22.    Hampson's  Scale. 

A  board,  on  which  the  plates  are  placed,  is  with- 
drawn from  beneath  the  cover  of  the  box,  and  when 
it  is  slipped  into  position  under  the  part,  by  means 
of  a  control,  a  pair  of  wedges  can  raise  it  and  the 
plate  also,  so  that  both  are  held  tightly  in  position. 
Thus  the  plates  can  be  changed  without  any  move- 
ment of  the  patient,  and  two  exposures  be  made. 

Quite  recently  Hampson  has  produced  a  scale  by 
means  of  which  the  depth  at  which  a  foreign  body 
lies  can  be  ascertained  with  great  rapidity. 

The  anti-kathode  is  placed  at  a  fixed  distance 
from  the  screen,  and  the  tube  moved  laterally  a  fixed 
distance.     If  the  former  is  fifty  centimetres,  and  the 
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latter  ten  centimetres,  a  glance  at  the  scale  will  give 
the  required  depth,  the  upper  figures  representing 
the  amount  of  movement  of  the  shadow,  and  the 
lower  the  corresponding  depth  of  the  foreign  body. 
He  has  further  shown  that  whatever  the  distance 
is  between  the  screen  and  the  anti-kathode,  a  figure 
can  be  constructed  which  will  yield  the  depth. 

Thus,  if  the  line  A  B  equals  the  vertical  distance 

from  the  screen  to  the  anti-kathode,  A  C  the  amount 
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Fig.  23. 
Figure  to  illustrate  the  Depth  of  Foreign  Body. 

of  excursion  of  the  tube,  and  D  B  the  distance  that 

the  shadow  moves  on  the  screen,  then  if  the  line 

D  C   is    drawn,    which    intersects   A  B   at   E,    BE 

represents  the  depth  of  the  foreign  body  below  the 

screen. 

III.   The  parallax  method 

This  depends  upon  the  relative  amount  of  excursion 
of  two  shadows,  seen  on  the  screen,  when  the  tube 
is  moved  backwards  and  forwards  or  from  side  to 
side.  The  nearer  a  foreign  body  lies  to  the  screen,  the 
smaller  will  be  the  amount  of  movement  of  its  shadow. 
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Thus  if  a  body  is  lying  in  the  pelvis  or  thorax,  and 
a  wooden  stick,  to  the  end  of  which  a  metal  knob  is 
attached,  is  held  to  the  side  of  the  bodj^  when  the 
tube  is  moved  the  shadow  of  the  foreign  body  and 
the  shadow  of  the  knob  will  both  move  in  a  direction 
opposite  to  the  displacement  of  the  tube.  When 
the  knob  is  placed  in  a  position  so  that  its  shadow 
moves  exactly  the  same  amount  as  the  shadow  of 
the  foreign  body,  a  mark  can  be  made  under  the 
knob,  and  the  depth  of  the  foreign  body  obtained. 
It  is  necessary  to  become  familiar  with  this  method 
before  it  can  be  executed  with  accuracy. 

A  small  instrument  has  been  devised  by  Shenton, 
which  can  be  clamped  to  the  screen,  and  by  means 
of  which,  as  the  pointer  and  knob  are  securely  held, 
more  correct  results  can  be  obtained. 

In  order  to  get  a  clear  idea  of  the  position  of 
a  foreign  body  two  radiograms  may  be  taken,  and 
viewed  in  a  stereoscope.  This  instrument,  however, 
is  not  only  used  for  this  purpose,  but  in  ordinary 
X-ray  work  as  well,  for  as  we  know  a  stereoscopic 
picture  stands  out  in  a  remarkable  way,  and  by 
means  of  it  very  realistic  representations  of  struc- 
tures can  be  obtained. 

Some  apparatus  like  the  one  first  described,  for 
changing  the  plates  without  moving  the  patient, 
is  necessary,  and  manufacturers  now  supply  very 
elaborate  boxes  for  this  purpose,  which  can  be  used 
when  the  subject  is  on  the  couch,  or  being  examined 
in  the  upright  position. 

The  anti-kathode  is  first  placed  over  or  under  the 
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centre  of  the  part  to  be  examined,  and  then  three 
centimetres  to  either  side.  This  corresponds  roughly 
to  the  distance  that  the  eyes  are  set  apart. 

The  plates  when  taken  can  be  placed  in  position 
on  the  stereoscope,  or  prints  can  be  made  and  utilized, 
only  the  plate,  having  a  reversed  image  to  the 
print,  will  have  to  be  placed  on  the  opposite  side. 

The  usual  variety  of  instrument  used  is  called  the 


Fig.  24.     Wheatstone  Stereoscope. 

Wheatstone  stereoscope,  and  consists  of  two  plane 
mirrors  four  inches  square,  set  with  their  backs 
forming  an  angle  of  90  degrees  to  each  other.  These 
are  fixed  on  a  vertical  support  which  moves  backwards 
and  forwards.  Two  frames,  which  are  illuminated 
from  behind,  and  on  which  the  plates  or  prints  are 
placed,  move  from  side  to  side  towards  and  away 
from  the  mirror.  Both  the  latter  and  the  frames 
are  mounted  on  a  block  of  wood,  which  can  be  placed 
on  a  table.  If  the  observer  places  his  face  close  to 
where  the  mirrors  meet,  so  that  the  edge  lies  vertically 
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between  his  eyes,  his  right  eye  views  only  what  is 
reflected  on  the  right  mirror  and  his  left  eye  what 
is  reflected  on  the  left  mirror.  If  the  radiograms 
taken  are  placed  in  their  respective  frames,  the  eyes 
can  be  adjusted  so  that  one  image  is  seen. 

The  mirror  can  be  moved  backwards  and  forwards, 
and  the  frames  from  side  to  side,  until  the  correct 
position  is  obtained. 

The  negative  which  was  taken  when  the  tube  was 
displaced  to  the  right,  should  be  placed  on  the  left 
frame,  and  that  taken  when  the  tube  was  displaced 
to  the  left,  on  the  right  frame.  If  prints  are  to  be 
examined  they  must  be  placed  in  the  opposite  way. 

If  negatives  or  prints  are  placed  on  the  wrong 
mirrors,  or  are  turned  upside  down,  the  pictures  are 
reversed  ;  for  example,  a  hand  taken  on  the  dorsal 
aspect  will  appear  as  one  taken  from  the  palmar 
aspect  if  viewed  in  this  way. 

The  frames  are  made  in  sizes  to  take  half-plates, 
whole  plates,  or  any  plates  up  to  12  in.  x  15  in. 

By  means  of  the  screen  also,  stereoscopic  effects 
can  be  obtained  by  illuminating  tubes  alternately 
at  regular  intervals  with  sufficient  rapidity  to  cause 
the  eyes  to  receive  a  continuous  impression. 

One  of  the  most  important  positions  in  the  body, 
where  foreign  bodies  become  lodged,  is  the  eye,  and 
it  is  imperative  to  localize  their  whereabouts  in  this 
region  with  a  view  to  ascertaining  whether  they  lie 
in  the  globe  itself,  or  behind  it.  A  rough-and-ready 
method  of  doing  this  is  to  take  two  lateral  radio- 
grams without  any  movement  of  the  head  or  tube. 
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In  the  first  the  patient  is  told  to  look  upwards 
and  keep  his  eye  fixed  during  the  exposure,  and 
in  the  second  to  look  downwards  under  the  same 
circumstances.  If  the  foreign  body,  when  com- 
paring the  radiograms,  has  altered  its  position, 
it  must  obviously  be  in  the  eye.  For  gauging 
the  exact  depth  and  position,  a  special  eye  local- 
izing apparatus  has  been  constructed.  After  the 
plates  have  been  developed  they  are  placed  in 
the  Mackenzie  Davidson  localizer,  and  the  position 


Fig.  25.     Glass  Peothesis. 

of  the  foreign  body  determined.  It  is  necessary 
to  fix  a  piece  of  lead  wire  to  the  lower  end  of  the 
lid,  so  that  its  upper  pole  is  exactly  opposite  the 
centre  of  the  pupil  when  the  patient  is  looking 
straightforward  into  distance. 

If  the  depth  of  the  foreign  body  is  known,  it  is 
easy  to  judge  in  which  part  of  the  eye  it  lies.  The 
aqueous  humour  is  3-4  millimetres  in  depth,  the  lens 
4  millimetres,  and  the  vitreous  humour  15  millimetres. 
From  the  back  of  the  vitreous  to  the  retina  is  1-4 
millimetres,  making  the  whole  depth  of  the  eye 
24    millimetres.      The   transverse   diameter   is   half 
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a  millimetre  more,   and  the  vertical  diameter  half 
a  millimetre  less. 

Quite  recently  a  thin  disk-shaped  prothesis  has 
been  devised  which  closely  fits  the  surface  of  the  eye- 
ball, and  can  be  inserted  into  the  conjunctiva.  The 
appearance  of  the  prothesis  is  shown  in  the  diagram. 
It  is  visible  with  the  rays,  and  it  is  claimed  that,  if 
some  cocaine-adrenaline  solution  is  dropped  into  the 
eye,  no  irritation  is  felt  when  it  is  in  situ.  As  it  is 
fitted  close  to  the  eye,  it  will  move  if  the  eye  moves, 
and  the  changes  of  position  of  the  foreign  body 
relative  to  the  eye  will  be  clearly  demonstrated. 


CHAPTER  VI 

TECHNIQUE  OF  EXAMINATION  AND 
DEVELOPMENT 

The  patient,  with  the  part  to  be  examined  freed 
from  the  proximity  of  everything  that  will  hinder 
the  passage  of  the  rays,  lies  on  the  table,  or  takes  up 
his  position  in  front  of  the  upright  stand.  When  an 
upper  limb  alone  requires  attention,  the  subject  may 
be  seated,  and  the  arm  laid  on  the  table. 

There  is  no  necessity  to  entirely  denude  the  part 
of  covering,  as  ordinary  underclothing  does  not 
obstruct  the  passage  of  the  rays.  No  portion, 
however,  must  be  covered  with  garments  to  which 
buttons,  pins,  or  brooches  are  attached,  and  if  the 
head  is  under  observation  all  hairpins  must  be 
removed.  For  chest,  renal,  and  abdominal  cases  it 
is  an  excellent  plan  to  make  the  patient  wear  a  suit 
of  pyjamas,  to  which  tapes,  instead  of  buttons,  are 
fixed.  Splints,  if  they  have  no  metal  fittings,  are 
permissible  as  long  as  they  do  not  interfere  with  the 
position  in  which  it  is  necessary  to  place  the  limb. 
This  is  a  most  important  point,  as  every  part 
examined  should  be  placed  in  what  is  called  a  fixed 
position.  This  was  first  pointed  out  by  Ironside 
Bruce,  and  if  his  advice  were  followed,  fewer  errors 
in  diagnosis  would  result. 

If  the  patient  is  lying  on  the  table  on  his  back 
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with  his  toes  upwards,  and  his  arms  by  his  side  with 
the  pahiis  downwards,  the  tube  being  beloAv,  a  plate 
taken  from  above  will  give  what  is  called  a  postero- 
anterior  view,  but  if  a  plate  is  exposed  under  the  same 
conditions  with  the  patient  on  his  face,  with  the 
soles  of  the  feet  and  the  palms  of  his  hands  upwards, 
the  result  would  be  an  antero- posterior  view.  It 
will  be  observed  that  the  words  anterior  and  posterior 
are  placed  first  or  last,  according  to  whether  or  not 
the  anterior  or  posterior  part  of  the  body  is  nearer 
the  X-ray  tube. 

Some  radiographers  prefer  to  call  views  taken 
from  the  front  '  anterior ',  and  from  the  back  '  pos- 
terior ',  an  '  anterior  '  being  a  '  postero-anterior  ' 
view,  and  a  '  posterior  '  an  '  antero-posterior  '  one, 
but  the  former  method  is  preferable. 

If  the  anti-kathode  has  been  correctly  centred,  and 
the  hmb  always  fixed  in  the  same  position,  all  radio- 
grams taken  of  that  particular  part  can  be  compared 
with  one  another,  and  a  diagnosis  easily  made.  If, 
on  the  other  hand,  the  anti-kathode  is  varied  in 
position,  and  the  part  placed  at  different  angles, 
there  will  be  no  definite  standard  with  which  to 
compare  the  radiograms,  distortion  will  result,  and 
consequently  faulty  diagnoses  will  be  made. 

The  standard  positions  suggested  by  Ironside 
Bruce  are  '  postero-anterior  \  '  antero-posterior  ', 
and  '  lateral ',  and,  when  a  limb  is  placed  in  one  of 
these,  the  relationship  of  the  bones  in  health  to  one 
another  are  never  varied,  and  the  tube  is  always 
centred  above  or  below  the  same  spot. 
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Regarding  dressings,  any  containing  lead,  mercury, 
or  iodoform,  which  are  all  opaque  to  the  rays,  must 
be  removed,  and  also  ordinary  adhesive  plaster,  if  it 
contains  lead.  A  casing  of  plaster-of-paris,  however, 
although  it  hinders  the  penetrative  power  of  the 
rays,  need  not  be  cut  away,  as  a  sufficiently  accurate 
radiogram  may  be  obtained  with  it  in  position. 

The  precautions  already  mentioned  having  been 
taken,  the  part  being  suitably  placed,  and  the  tube 
having  been  centred  by  means  of  the  plumb  bob,  all 
lights  are  put  out,  and  the  room  left  in  darkness  for 
some  time,  so  that  the  examiner's  eyes  may  become 
accustomed  to  the  altered  conditions.  The  current 
is  then  switched  on,  and  the  diaphragm  contracted 
so  that  all  marginal  rays  are  cut  off.  When  the 
screen  examination  is  finished  the  lights  are  turned 
up,  and  the  negative,  wrapped  in  paper,  is  placed  in 
position  with  the  film  side  towards  the  X-ray  tube. 
Sand-bags  are  laid  on  it,  so  that  good  apposition  is 
obtained,  and  the  exposure  then  made. 

If  it  is  desired  to  examine  a  limb  at  right-angled 
planes,  two  exposures  can  be  made  on  one  plate, 
a  sand-bag  being  placed  parallel  with  the  limb,  and 
a  sheet  of  metal  laid  on  it,  which  prevents  the  rays 
from  reaching  that  half  of  the  negative.  The  plate 
is  laid  over  this,  so  that  one  half  lies  over  the  limb, 
and  the  other  half  over  the  metal.  After  it  has  been 
exposed  it  is  put  aside,  until  a  fresh  screen  examina- 
tion has  been  made  with  the  limb  at  right  angles,  and 
the  remaining  half  is  then  exposed. 

Between  the  two  exposures  the  negative,  if  kept 
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in  the  room,  must  be  stored  in  a  lead-lined  box,  so 
that  no  rays  can  reach  it  during  the  second  screen 
examination. 

The  negative  is  now  read  for  development.  Ordi- 
nary photographic  plates  give  satisfactory  results, 
but  specially  prepared  ones  are  preferable.  These 
can  be  bought  already  placed  in  wrappers,  or  can  be 
packed  by  the  radiographer  himself.  There  should 
always  be  two  wrappers,  an  inner,  orange  in  colour, 
and  an  outer,  black.  These,  although  not  hindering 
the  passage  of  the  rays,  are  able  to  prevent  daylight 
from  affecting  the  film  surface.  Different  sizes  of 
plates  are  manufactured,  varying  from  quarter  plate 
to  the  15  in.  x  12  in.  size,  intermediate  measure- 
ments being  half  plate,  whole  plate,  8  in.  x  10  in.,  and 
10  in.  X  12  in. 

It  is  only  necessary  to  make  a  few  remarks  on  the 
subject  of  development,  as  any  one  accustomed  to 
ordinary  photography  will  be  able  to  obtain  satis- 
factory results  with  X-ray  plates. 

With  a  correct  exposure  a  plate  should  '  come  up  ' 
fairly  slowly,  as  if  development  is  carried  out  too 
rapidly,  detail  is  lost.  On  the  other  hand,  if  too  long 
a  time  is  taken  an  unsatisfactory  yellow  '  fogged ' 
plate  is  the  result.  Dilution  with  water  will  prevent 
too  rapid  development,  and  if  this  is  necessary  the 
solution  should  be  poured  back  into  the  measuring 
glass  before  making  the  addition,  so  that  the  dilu- 
tion may  be  even.  The  ordinary  Ilford  formula, 
recommended  by  the  Ilford  Company,  will  be  found 
to  be  an  excellent  developer.     It  consists  of  : 
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Metol 

Hyclroqiiinone         .... 

Sodium  sulphite  (cryst.) 

Sodium  carbonate 

10  per  cent,   solution  of  potassium 
bromide     ..... 

Water  ...... 

The  plate  is  placed  in  the  dish  with  the  film  side 
upward,  and  should  be  rapidly  flooded  with  the 
developer,  so  that  no  air  bells  are  allowed  to  form. 
The  dish  should  be  tilted  slightly  when  being  filled, 
and  should  be  continually  rocked  during  the  entire 
developing  process. 

When  the  upper  surface  becomes  fairly  dark  the 
plate  should  be  examined  by  being  held  up  against 
the  ruby  lamp,  and  in  these  circumstances  if  it 
is  impossible  to  see  through  it  development  is  com- 
plete. There  should  be  no  difficulty  in  distinguishing 
the  outline  of  what  has  been  taken,  on  looking  at 
the  glass  side  of  the  negative. 

If,  after  developing  for  some  time,  the  plate 
assumes  a  dirty  grey  tint,  it  has  been  under-exposed, 
and  it  is  useless  to  continue  the  process. 

The  next  step  is  to  thoroughly  rinse  it  in  water, 
and  afterwards  place  it  in  the  fixing  bath,  which, 
according  to  the  Ilford  formula,  should  consist  of: 

Hyposulphite  of  soda     .  .  .      1  lb. 

Water  .  .  .  .  .  .  40  oz. 

Potassium  metabisulphite        .  .      1  oz. 

When  all  trace  of  whiteness  has  disappeared  the 
fixing  is  complete,  and  the  plate  should  be  washed 
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in  running  Avater  for  a  few  hours,  and  then  allowed  to 
dry  in  a  rack.  This  latter  process  can  be  hastened 
by  placing  the  negative  m  ether  spirit,  or  one-in- 
twenty  formalin  solution. 

Both  silver  and  bromide  prints  can  be  made  from 
the  negative  if  desired,  in  exactly  the  same  way  as 
in  ordinary  photograph}^,  and  the  reader  is  referred 
to  books  on  this  subject  for  further  details  both  of 
printing  and  developing. 

Most  radiographers  make  their  diagnoses  from 
negatives,  and  then  generally  when  they  are  wet, 
and  for  this  purpose  the  plate  should  be  placed 
on  a  viewing  box,  which  is  illumined  from  behind 
by  an  electric  lamp.  The  glass  of  the  box  should 
be  made  of  ground  glass  or  opal,  as  either  helps  to 
diffuse  the  light.  If  the  tissues  are  dense  the 
rays  are  prevented  from  reaching  the  plate,  and 
the  densest  structures,  such  as  bone,  are  therefore 
opaque,  while  tissues  which  are  easily  pierced  appear 
transparent.  In  a  print  the  reverse  is  the  case,  bone 
appearing  dark  and  the  tissues  light. 

It  is  important  to  be  able  to  tell  which  side  of 
a  negative  corresponds  to  the  side  of  the  part 
examined.  If  a  plate  is  held  with  the  film  side 
towards  the  eye,  in  a  postero-anterior  view  the  right 
side  of  the  plate  corresponds  to  the  right  side  of 
the  part,  but  in  an  antero-posterior  view  to  the  left. 
If,  therefore,  it  is  desired  to  place  a  negative  in  the 
right  position,  the  film  side  of  a  postero-anterior  view, 
and  the  glass  side  of  an  antero-posterior  view,  must 
be  held  towards  the  eye. 
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Figs.  2u  ,  27.  Bullet  in  Skull.  This  was  localized  by  these  two  views, 
postero-anterior  and  lateral.  The  bullet  was  removed  with  ease,  and 
recovery  resulted. 
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Fig.  28.     Shrapnel  Bullet  in  Knee-joint. 
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Fig.  29.     Shrapnel  Bullet  in  Knee-joint,  causing  comminuted 
fracture  of  the  lower  end  of  the  femur. 


Figs.  30,31.  Hole  in  Crest  of  Iliuji  made  bx  Blllet,  iragments 
of  which  are  seen  lying  around.  The  dark  shadow  in  the  lower  diagram  is 
a  drainage  tube. 
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Fig.  32.  CojBnxuTED  Fracture  of  Metacarpal  Bone.  Note  the  more 
opaque  shadows  cast  by  fragments  of  bullet,  in  contrast  to  the  less  opaque 
fragments  of  bone. 
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Fig.  33.     Fracture  of  the  Glenoid  and  Surgical  Neck  of  the 
Humerus.     Fragments  of  shell  are  seen  lying  round  the  joint. 
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Fig.  34.     Bullet  Casing  in  Right  Orbit. 
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Fig.  35.  Foreign  Bodies  in  the  Region  of  the  Orbit.  The  internal 
auditory  meatus  and  the  Sella  turcica  are  demonstrated  in  this  radio- 
gram. 


PART  II.     THE  INTERPRETATION 

CHAPTER  I 

THE  THORAX 

With  the  possible  exception  of  examinations  with 
an  opaque  meal,  more  work  has  been  done  by  radio- 
graphers recently  for  the  determination  of  the  con- 
dition of  the  lungs,  than  in  any  other  branch  of  the 
subject  of  X-rays. 

The  result  of  this  is  that  so  much  discussion  has 
arisen  over  certain  appearances,  that  the  partial 
observer  cannot  be  blamed  if  he  is  inclined  to  be 
sceptical  over  the  value  of  radiography  in  diseases 
both  of  the  lungs  and  of  the  digestive  tract. 

This  condition  of  things  is  to  be  greatly  deplored, 
as  there  is  little  doubt  that  considerable  help  can 
be  given  to  the  physician,  and  in  many  instances  he 
is  able  with  the  assistance  of  the  rays  to  diagnose  an 
incipient  case  of  phthisis  before  he  would  have  been 
able  to  had  he  been  compelled  to  depend  upon 
physical  signs  alone.  This  fact  must  be  obvious 
to  all  when  it  is  remembered  that  definite  physical 
signs  are  obtained  far  more  easily  when  the  lesion  is 
superficial,  while  with  the  rays  it  is  immaterial 
whether  the  surface  or  the  centre  of  the  lungs  is 
affected,  it  being  as  easy  to  view  the  diseased  part 
in  the  latter  instance  as  in  the  former. 

Every  radiographer  is  bound  to  form  views  of  his 
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own  regarding  the  interpretation  of  various  shadows, 
but  it  is  advisable  if  possible,  before  dogmatising  on 
a  particular  point,  to  have  the  conclusions  formed 
confirmed  by  post-mortem  examination. 

All  cases  should  first  be  most  carefully  examined 
by  means  of  the  screen,  as  the  movements  of  various 
parts  cannot  be  detected  in  a  radiogram ;  in  fact  in 
this  particular  examination  in  order  to  obtain  a  good 
view  by  means  of  a  plate,  it  is  imperative  to  limit 
the  movements  of  the  chest  as  much  as  possible. 
For  this  purpose  the  patient  is  instructed  to  '  hold 
his  breath '  while  the  exposure  is  being  made,  the 
lungs  meanwhile  being  well  filled  with  air.  This  is 
frequently  a  matter  of  considerable  difficulty  with 
patients  who  are  suffering  from  disease  of  the  heart 
or  lungs,  and  it  is  therefore  advantageous  to  pass 
a  heavy  current  through  the  tube,  and  give  as  short 
an  exposure  as  possible.  For  screening  purposes  the 
mercury  break  should  be  used,  but  in  order  to  obtain 
a  good  radiogram,  the  electrolytic  break  will  be  found 
more  satisfactory.  '  Flash-light '  radiograms  are 
being  now  more  and  more  taken  in  thoracic  examina- 
tions, and  by  their  aid  the  heart  can  be  depicted 
without  any  movement. 

The  patient  may  be  examined  either  on  the  couch 
or  in  front  of  the  upright  stand,  and  then  on  every 
occasion  in  three  positions — from  the  front,  from 
behind,  and  in  the  '  right  anterior  oblique  '.  Some 
radiographers  prefer  the  vertical  to  the  horizontal 
position,  and  vice  versa ;  the  examination  in  the 
'  right   anterior   oblique '    should   always   be   made 
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before  the  upright  stand,  as  if  the  patient  is  seated 
upon  the  saddle  it  is  easy  to  swing  him  round  to  the 
necessary  angle. 

In  order  to  accomplish  this,  the  subject  is  placed 
with  his  back  to  the  stand,  the  screen  being  in  front, 
and  then  slowly  moved  round  with  the  left  shoulder 
continuing  to  rest  against  the  stand,  until  the 
posterior  mediastinum  is  opened  up  and  seen  as 
a  clear  space  between  the  shadows  of  the  spinal 
column  on  the  left-hand  side,  and  the  aorta  and 
heart  on  the  right. 

When  the  screen  examination  is  being  made  the 
thorax  should  be  observed  during  natural  breathing, 
deep  breathing,  and  finally  with  the  breath  held  in 
deep  inspiration. 

Finer  details  are  apparent  during  the  latter  exami- 
nation, as  the  presence  of  air  in  the  lungs  makes  them 
appear  brighter  owing  to  the  fact  that,  although 
the  lungs  are  the  most  translucent  organs  in  the  body 
to  the  rays,  air  is  considerably  more  so.  In  viewing 
the  thorax  from  the  front  or  back  a  '  median  opacity  ' 
will  be  observed,  which  is  the  shadow  due  to  the 
presence  of  the  heart  and  the  great  vessels.  The 
outline  of  this,  as  well  as  the  pulsatory  movement, 
must  be  noted.  The  right  border,  the  upper  half  of 
which  is  caused  by  the  superior  vena  cava,  is  nearly 
vertical,  with  a  slight  convexity  in  the  lower  half  in 
the  region  of  the  right  auricle.  The  upper  portion  of 
the  left  border  is,  like  the  right  border,  nearly  vertical 
in  health,  bulging  out  when  the  aortic  arch  or  de- 
scending aorta  is  dilated,  or  an  aneurism  is  present. 

H2 
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Frequently  some  degree  of  convexity  outwards  in 
this  region  indicates  an  elongation  of  the  aortic  arch, 
a  point  said  to  be  of  importance  in  cases  of  general 
intestinal  stasis.  A  slight  convexity,  however,  is 
present  in  quite  normal  cases,  and  must  not  always 
be  regarded  as  a  sign  of  disease. 

The  lower  two-thirds  of  the  left  border  is  convex, 
slightly  so  in  the  upper  part,  due  to  the  right  ventricle, 
and  considerably  more  so  in  the  lower  part  because 
of  the  left  ventricle. 

Normally  the  long  axis  of  the  heart  is  obhque, 
with  the  obUquity  directed  to  the  left,  but  the  degree 
varies  somewhat  in  different  subjects.  In  cases  of 
tuberculosis  the  axis  is  frequently  vertical,  and  the 
heart  assumes  a  '  tubular  '  or  '  elongated '  shape, 
probably  due  to  a  general  loss  of  tone  in  the  muscular 
waUs.  In  later  stages,  when  the  pulmonary  circu- 
lation is  affected,  this  appearance  is  lost,  and  the  heart 
becomes  dilated.  When  a  condition  of  general  ptosis 
of  all  the  organs  is  present,  the  tubular  condition 
becomes  more  marked,  and  the  vertical  elongated 
heart  is  described  as  '  hanging '  from  the  large 
vessels.     Such  a  condition  is  known  as  cardioptosis. 

For  exact  observation  of  the  size  of  the  heart,  and 
the  presence  of  dilatation,  aneurism,  &c.,  an  instru- 
ment named  the  orthodiagraph  is  employed,  and  the 
principle  is  known  as  orthodiagraphy. 

By  such  means  distortion  and  magnification  are 
disposed  of,  and  very  accurate  details  are  obtained. 
The  instrument  used,  however,  is  somewhat  com- 
plicated, and  troublesome  to  work,  and  as  ordinary 
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radiographic    measures    are    now    satisfactory,    tlie 
orthodiagraph  is  no  longer  frequently  required. 

The  median  opacity  terminates  below  in  the 
shadow  thrown  by  the  diaphragm  and  liver.  The 
movements  of  the  former  on  both  sides  must  be 


Fig.  36.  Elongated  and  Tubular  Heart.  This  condition  is  frequently 
present  in  young  people  lacking  in  muscular  tone,  who  are  very  prone  to 
phthisis.     Note  the  opacity  of  the  hilum  shadows. 

particularly  observed,  both  during  normal  and  deep 
breathing,  as  limitation  in  movement  may  result  if 
disease  of  the  lungs  or  pleura  is  present. 

The  incursion  of  the  diaphragm  is,  however,  an 
uncertain  factor,  and  varies  considerably  in  healthy 
subjects.  A  movement  of  half  an  inch  during  quiet 
breathing  may  be  taken  as  normal,  while  two  and 
a  half  inches  during  deep  respiration  is  usual.     The 
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right  dome  is  situated  slightly  higher  than  the  left, 
and  the  movement  on  the  former  side  is  a  little  less 
than  on  the  latter. 

At  the  point  on  the  right  side,  where  the  heart 
shadow  joins  the  diaphragmatic  shadow,  an  acute 
angle  is  formed,  which  is  called  the  cardio- hepatic 
angle.  This  is  of  considerable  importance,  as  if 
the  heart  itself  is  enlarged  the  angle  is  still  present, 
but  if  the  median  opacity  is  increased  owing  to 
the  presence  of  pericardial  effusion  the  angle  is 
obliterated. 

At  the  point  on  the  left  side  where  the  heart 
shadow  joins  the  diaphragmatic  shadow,  during 
deep  inspiration  a  triangular  space  is  seen,  called 
the  cardio- phrenic  space.  This,  like  the  cardio- 
hepatic  angle,  is  also  of  importance,  as  when  it  is 
obliterated  it  points  to  the  presence  of  fluid  in  the 
pleura  or  pericardium,  or  to  adhesions  binding  the 
pericardium  to  the  underlying  diaphragm. 

Having  observed  the  appearance  of  the  median 
opacity  and  the  diaphragmatic  movements,  before 
considering  the  lungs  it  is  advisable  to  note  the 
movements  and  position  of  the  ribs.  Limitation  of 
movement  of  these  on  one  side  is  suggestive  of  some 
disease,  while  a  horizontal  setting,  in  contrast  to  the 
normal  slight  obliquitj^,  is  strongly  suggestive  of  the 
presence  of  emphysema  or  pneumothorax. 

In  examining  the  lungs  themselves  it  is  important 
that  the  anti-kathode  of  the  tube  be  correctly  centred, 
as  diagnosis  with  the  screen,  in  early  stages  at  all 
events,  depends  largely  upon  comparing  the  appear- 
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ance  of  the  two  sides,  and  an  increased  illumination 
on  one  side  will  tend  to  erroneous  impressions. 
Any  marked  shadow  should  be  first  of  all  noted,  and 
from  its  position  and  appearance  conclusions  regard- 
ing the  condition  of  the  lungs  may  be  drawn.  The 
apices  in  every  case  must  receive  careful  attention, 
and  for  that  purpose  a  somewhat  better  view  is 
obtained  when  the  subject  is  facing  the  tube  and  the 
screen  is  in  contact  with  the  back.  In  this  position 
the  scapulae  may  prevent  a  clear  view  of  the  upper 
portion  of  the  lungs  being  obtained,  but  if  the  arms 
are  raised  above  the  head,  no  difficulty  will  be  experi- 
enced in  making  a  satisfactory  examination. 

It  is  not  sufficient  to  examine  the  apices  during 
quiet  respiration  alone,  as  apparent  shadows  may 
then  be  visible,  which,  however,  will  at  once  be  lost 
when  a  deep  breath  is  taken.  Under  such  circum- 
stances the  apices  are  said  to  '  light  up  ',  and  great 
stress  has  been  laid  on  this  point  with  reference  to 
the  presence  of  early  tuberculosis.  It  has  been  stated 
that  if  one  apex  fails  to  '  light  up  '  on  deep  inspira- 
tion, it  may  be  concluded  with  some  certainty  that 
tuberculosis  is  present  on  that  side,  and  although 
this  is  true  in  some,  if  not  many  instances,  it  must 
not  be  forgotten  that  the  absence  of  '  lighting  up  '  is 
not  of  itself  diagnostic  of  disease,  but  due  to  absence 
of  air  entry  into  the  lungs.  On  this  question  it  will 
be  seen  that  opinions  are  divided,  and  these  divisions 
are,  if  anything,  accentuated  when  the  dark  shadows 
lying  on  either  side  of  the  median  opacity  in  their 
turn  come   to   be   considered.     These   shadows   are 
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present  in  every  lung,  and  radiate  from  the  lung  roots. 
Their  extent  varies  greatly  in  liealthy  lungs,  so  much 
so  that  it  becomes  a  matter  of  difficulty  to  differen- 
tiate a  normal '  root '  shadow  from  an  abnormal  one. 

The  importance  of  being  able  to  do  so  will  be 
understood  when  it  is  stated  that  certain  observers 
claim  that  the  tubercle  bacillus  invades  the  lung 
tissue  by  originally  passing  from  the  larger  air  tubes 
to  the  smaller  ones,  and  eventually,  having  pierced 
their  walls,  settles  down  and  causes  leucocyte  groups 
around  the  bronchial  cartilages.  Phthisis  starting 
in  this  way  is  called  '  peribronchial  phthisis  '  and  is 
apparent  by  X-rays,  giving  rise  to  mottling  which 
proceeds  from  the  roots  of  the  lungs  radiating  to- 
wards the  periphery,  that  is  to  say,  along  the  course 
of  the  air  tubes. 

If  the  disease  continues,  the  smaller  mottled 
patches  grow  together  and  form  larger  masses, 
blotchy  in  appearance ;  but  if  nature  is  able  to  obtain 
the  upper  hand,  fibrous  tissue  replaces  the  fine 
mottling.  These  appearances  are  seen  continually 
at  the  roots  during  an  examination,  before  the  physi- 
cian is  able  to  obtain  signs  by  clinical  methods,  for  it 
is  only  when  the  disease  has  spread  to  the  apex  that 
auscultation  enables  him  to  diagnose  its  presence, 
and  the  value  of  an  X-ray  examination  in  such  cases 
must  be  of  the  greatest  value.  To  quote  Dr.  Jordan, 
who  has  studied  this  subject  with  great  care,  and 
has  published  articles  confirming  his  views  by  post- 
mortem appearances :  '  By  direct  dissection  of  post- 
mortem   specimens    of    healthy    lungs    under    the 
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Fig.  37.  1'kkibronchial  Phthisis  originating  at  the  Lung  Roots. 
Branching  opacities  can  be  followed  outwards  on  both  sides,  especially  the 
right. 


Fig.  38.  Peribronchial  Phthisis  oe  the  Right  Lung.  Note  the  obliquity 
of  the  ribs  on  this  side. 
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fluorescent  screen  it  may  easily  be  sho\\n  that  the 
blotches  [seen  at  the  lung  roots]  consist  of  enlarged 
Ij^mphatic  glands,  usually  containing  calcareous 
deposits,  while  the  linear  shadows  are  due  to  fibrous 
tissue  surrounding  the  cartilages  of  the  air  tubes. 
These  changes  are  the  end-results  of  the  invasion  of 
the  tubercle  bacilli.' 

In  concluding  the  examination  of  the  thorax  from 
the  front  and  back,  it  is  advisable  to  note  the  appear- 
ance of  the  junction  of  the  outer  edge  of  the  dia- 
phragm with  the  chest  wall.  In  the  normal  lung  and 
in  actual  disease  of  the  lung  tissue  this  is  triangular 
in  form,  but  if  fluid  is  present  which  gravitates  to  the 
base,  the  triangular  shape  is  lost. 

It  is  now  necessar}^  to  examine  the  subject  in  the 
right  anterior  oblique  or  semi-lateral  position,  and 
for  this  purpose  the  patient  stands  or  sits  as  already 
explained. 

The  shadow  which  hes  to  the  right  of  the  clear 
space  of  the  posterior  mediastinum  is  roughly  tri- 
angular in  form.  The  upper  part  of  the  triangle  is 
composed  of  the  aorta,  and  in  a  normal  condition 
has  a  round  top  and  parallel  sides.  The  lower  part 
of  the  triangle  is  caused  by  the  cardiac  opacity,  and 
extends  obliquely  outwards  on  the  right  side  until 
the  diaplu'agm  is  readied. 

As  far  as  an  examination  of  the  heart  and  lungs  is 
considered,  the  important  points  which  come  under 
observation  in  this  examination  are  the  shape  of  the 
upper  end  of  the  aorta,  which,  in  the  case  of  aneurism, 
becomes  'club-shaped',  and  not  only  impinges  on 
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the  clear  posterior-mediastinal  space,  but  in  many 
instances  shows  some  degree  of  pulsation,  and  also 
the  presence  of  shadows  in  various  parts  of  the 
posterior-mediastinum,  caused  by  enlarged  medi- 
astinal glands  and  mediastinal  new-growths.  Other 
alterations,  caused  by  stricture,  new- growth  of  oeso- 
phagus, &c.,  are  considered  with  the  chapter  on  the 
digestive  tract. 

Having  explained  the  routine  method  that  should 
be  adopted  in  examining  every  thoracic  case,  we  can 
now  briefly  mention  the  characteristic  appearances 
met  with  in  the  various  diseases  of  the  heart  and 
lungs. 

Pericarditis. 

When  fluid  is  present  in  the  pericardial  sac,  the 
cardiac  shadow  becomes  increased  in  size,  according 
to  the  amount  of  fluid  present.  The  outline  of  the 
shadow  becomes  rounded,  and  pulsation  is  difficult 
to  detect.  The  cardio-hepatic  angle  and  the  cardio- 
phrenic  space  are  obliterated. 

Valvular  disease  of  the  heart. 

The  cardiac  opacity  will  be  increased  in  size 
according  to  the  particular  valve  affected,  and  the 
resulting  enlargement  of  the  various  chambers  ;  for 
instance,  in  aortic  regurgitation  the  left  side  of  the 
shadow  will  be  greatl}^  increased,  while  in  mitral 
stenosis  the  right  side  is  enlarged,  and  the  opacity 
appears  symmetrical  on  both  sides,  like  a  bag  filled 
with  fluid,  the  cardio-hepatic  angle  and  the  cardio- 
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phrenic  space  being  normal.  In  cases  of  congenital 
heart-trouble  the  shadow  becomes  so  enormous  that 
it  is  difficult  to  distinguish  any  lung  tissue  at  all. 


Fig.  39.     Congenital  Heart-disease.  The  median  opacity  is  enormously 
increased  on  both  sides. 

Aneurism, 

When  the  thorax  is  viewed  from  the  front  or  from 
behind,  if  an  aneurism  is  present  bulging  is  seen  in 
the  aortic  area.  If  this  hes  in  the  lower  part  of  the 
aortic  shadow  it  suggests  aneurism  of  either  the 
ascending  or  descending  arch — if  to  the  right-hand 
side,  of  the  ascending  arch,  if  to  the  left-hand  side, 
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of  the  descending  arch  ;  if,  however,  the  bulge  is 
situated  in  the  upper  part,  the  transverse  arch  is  the 
part  hkely  to  be  affected,  and  the  curvature  may 
lie  on  either  side,  generally  on  both  :  the  opacity 
shows  a  clear-cut  rounded  border,  and  may  or  may 
not  be  pulsatory  in  character.  A  diagnosis  of 
aneurism  should  not  be  made  until  the  subject  has 
been  further  examined  in  the  right  anterior  oblique 
position,  when  it  will  be  noted  that  the  summit  of 
the  arch  becomes  club-shaped  and  impinges  on  the 
posterior  mediastinal  space,  and  further  that  distinct 
pulsation  is  frequently  visible.  The  former  appear- 
ance will  enable  the  observer  to  make  a  differential 
diagnosis  between  aneurism  and  a  generally  dilated 
aorta,  as  the  shadow  of  the  latter  is  not  club-shaped 
but  has  parallel  sides.  On  the  question  of  pulsation 
no  hard-and-fast  rule  can  be  laid  down,  and  if  absent 
a  negative  diagnosis  cannot  be  made  with  certainty ; 
on  the  other  hand,  if  pulsation  is  observed  it  is 
perfectly  safe  to  make  a  positive  diagnosis  of  the 
presence  of  aneurism. 

If  a  thick  mixture  of  bismuth  and  water  is  swal- 
lowed, and  observed  during  its  passage  through  the 
oesophagus,  a  partial  arrest  is  frequently  observed 
at  the  level  of  the  arch,  owing  to  the  pressure  on  the 
posterior-mediastinum  of  an  aneurism.  It  is  a  good 
practice  to  carry  out  this  teat  in  all  doubtful  cases. 

Mediastinal  new- growth. 

It  is  sometimes  difficult  to  distinguish  a  tumour 
growing    in    the    mediastinum    from    an    aneurism. 
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Points  of  difference  are  irregularity  of  outline  of 
a  new-growth,  in  contrast  to  the  clear  rounded  border 
of  an  aneurism,  absence  of  pulsation,  although  some- 
times new-growths  receive  a  certain  amount  of  trans- 
mitted impulse  from  the  heart,  and  finally  arrest  of 
a  bismuth  shadow  in  positions  other  than  the  level 
of  the  aortic  arch. 

Pleurisy. 

A  simple  dry  pleurisy  will  only  affect  the  appear- 
ance of  the  thorax  during  a  screen  examination, 
when  the  movement  of  the  diaphragm  on  the  affected 
side  may  be  delayed.  If  the  pleura  becomes  chroni- 
cally thickened,  the  side  on  which  the  thickening 
occurs  will  become  more  opaque  than  normal. 

Pleurisy  with  effusion  will  cast  a  homogeneous 
shadow  varying  in  density  according  to  the  amount 
of  fluid  present.  The  heart  ma}^  become  displaced 
to  the  opposite  side,  and  the  cardio-phrenic  space  be 
obliterated,  while  the  triangle  at  the  junction  of  the 
outer  edge  of  the  diaphragm  and  the  chest  wall  will 
be  lost.  If  the  fluid  becomes  purulent  the  shadow 
becomes  denser.  When  a  deep  breath  is  taken  no 
alteration  is  observed  in  the  appearance  of  the 
opacity.  In  certain  cases,  if  no  adhesions  are  present, 
the  upper  margin  of  the  fluid,  which  is  concave  in  the 
vertical  position,  reaches  a  higher  level  when  the 
horizontal  position  is  assumed,  the  fluid  spreading 
out  when  the  force  of  gravity  is  relieved. 

When  the  fluid  is  purulent  in  type  in  empyema, 
after  the  radical  operation  has  been  done,  in  some 
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instances  a  slightly  discharging  sinus  remains.  In 
these  cases,  if  some  fluid  such  as  bismuth  and  water 
is  injected  into  the  sinus  the  exact  extent  of  the 
tract  can  be  seen,  appearing  as  it  does  more  opaque 
than  the  surroundhig  translucent  tissues. 


Fig,  40.     Empyema.     Part  of  one  rib  has  been  resected.      Bismuth  has 
been  injected  into  the  tract  of  the  sinus.     The  right  base  is  opaque. 

Pneumothorax. 
As  previously  stated,  air  is  more  translucent  to 
the  X-rays  than  lung  tissue,  and  therefore,  in  the 
case  of  pneumothorax,  the  affected  side  shows  up 
in  brilhant  contrast  to  the  normal  lung.  The  lung 
is  generally  seen  as  a  dark  mass  lying  against  the 
vertebrae  in  a  collapsed  condition.  No  alteration 
in  this  appearance  is  noted  even  when  the  deepest 
breaths  are  taken.     When  fluid  is  present  in  addition. 
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as  in  cases  of  hydro-pneumothorax  and  pyo-pneumo- 
thorax,  the  opacity  of  the  fluid  is  S3en,  when  an 
examination  is  made  m  the  vertical  position,  to  be 
lying  at  the  bottom  with  the  translucent  air  area 
above.     The  upper  level  of  the  fluid,  in  contrast  to 


Fig.  41.     Left  Pneumothorax.     The  left  side  is  very  translucent.     The 
lung  lies  in  a  collapsed  condition  near  the  spine, 

the  concave  margin  of  a  simple  pleurisy,  is  horizontal, 

and  when  the  patient  is  tilted,  remains  so.     If  the  sub  - 

ject  is  shaken,  waves  are  seen  to  pass  over  the  surface 

of  the  fluid. 

Emphysema. 

The  lungs  appear  more  translucent  than  normal, 

owing  to  the  presence  of  air  in  the  dilated  alveoli, 

although   not   to   the   same  extent   as  in  pneumo- 
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thorax,  and  the  ribs  are  wider  apart  and  more 
horizontally  situated  than  usual,  their  movement 
being  impaired.  The  cupola  of  the  diaphragm  lies 
at  a  lower  level  than  its  fellow  on  the  opposite  side, 
and  its  movements  are  decreased. 

Bronchitis  and  Bronchiectasis. 
In  these  diseases,  as  the  bronchial  tubes  and 
bronchioles  are  infiltrated  with  catarrhal  products 
the  opacities  radiating  from  the  lung  roots  to  the 
periphery  are  seen  more  clearly  than  normally,  but 
it  is  a  matter  of  some  difficulty  to  distinguish  the 
appearances  thus  seen  from  ordinary  hilum  shadows. 

Pneumonia. 

In  the  few  acute  cases  of  pneumonia  that  will  come 
under  the  radiographer's  observation,  limitation  of 
movement  of  the  diapln:agm  and  ribs  will  be  noted, 
as  weU  as  the  opacity  which  varies  with  the  amount 
of  consolidation  present. 

Cases  that  resolve  slowly,  and  those  in  which  the 
signs  are  obscured  owing  to  central  involvement  of 
the  lungs,  are  seen  from  time  to  time,  and  by  means 
of  the  rays  considerable  help  can  be  given  to  the 
physician. 

Fibrosis  of  the  lung. 

Any  part  of  the  lung  which  is  affected  by  fibrotic 
changes  shows  an  increased  opacity,  uniform  in 
appearance.  In  addition  to  this  the  heart  may  be 
displaced,  in  contrast  to  the  displacement  caused  by 
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pleurisy  with  effusion,  to  the  same  side,  while  the 
chest  wall  will  show  a  certain  degree  of  contraction 
and  collapse. 

Abscess  of  the  lung. 

When  a  cavity  is  filled  with  pus,  increased  opacity 
is  observed,  but  it  is  difficult  to  distinguish  the 
actual  abscess  from  any  surrounding  inflammation. 
When,  however,  the  fluid  has  been  evacuated  and 
replaced  by  air,  the  cavity  stands  out  in  contrast  to 
the  surrounding  tissues. 

Pulmonary  new- growths. 

Mediastinal  new-growths  have  already  been  con- 
sidered, and  as  most  neoplasms  of  the  thorax  have 
their  origin  there,  it  is  unnecessary  to  say  more  than 
that  any  nodules  of  a  secondary  nature  are  seen  as 
opaque  deposits,  which  can  be  diagnosed  as  malignant 
in  character  when  the  primary  growth  has  been 
observed  m  the  posterior  mediastinum. 

Pulmonary  Tuberculosis. 

The  value  of  the  use  of  the  rays  in  cases  of  phthisis 
is  difficult  to  exaggerate.  Not  only  is  it  possible  in 
many  instances  to  detect  the  presence  of  the  disease 
from  its  earliest  stages,  but  it  is  also  common  to  flnd 
that  a  case  which  may  appear  to  the  physician  as  of 
early  origin  has  really  progressed  to  a  far  greater 
extent  than  Avas  originally  imagined. 

Several  points  taken  together  will  help  the  observer 
to  diagnose  an  early  case,  amongst  which  may  be 
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mentioned  the  elongated  and  vertical  form  of  the 
cardiac  shadow,  some  limitation  of  movement  of 
the  diaphragm,  failure  of  the  apex  to  '  light  up  ', 
increased  opacity  of  the  liilum  shadow,  and  if  a  good 
radiogram  has  been  taken,  groups  of  small  rounded 


Fig.  42.   Phthisis  of  both  Lungs,   The  opacity  is  particularly  noticeable 

at  both  roots. 

opacities,  which,  on  the  screen  examination,  help  to 
give  an  appearance  of  fine  mottling. 

Taking  these  signs  individually,  the  shape  of  the 
heart,  as  we  have  previously  stated,  is  only  elongated 
in  the  early  stages  of  the  disease,  as  when  considerable 
progress  has  been  made  dilatation  results. 

It  has  been  pointed  out,  with  considerable  truth, 

12 
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that  this  type  of  heart  is  not  seen  m  phthisical 
children  or  old  people,  but  in  young  adults  with 
a  lack  of  muscular  tone,  as  a  result  of  which  little 
work  is  thrown  upon  the  left  side  of  the  heart.  Such 
people  are  very  apt  to  fall  a  prey  to  the  disease. 

The  limitation  of  movement  of  the  diaphragm  is 
of  importance,  when  taken  in  conjunction  with  other 
symptoms,  but  the  statement  that  decreased  excur- 
sion of  one  side  is  diagnostic  of  early  apical  phthisis 
of  the  same  side  is  rather  an  exaggerated  one.  Not 
only  is  the  diaphragmatic  movement  delayed  in 
phthisis,  but  the  movements  themselves  may  be 
sometimes  '  jerky  •  or  '  stammering '  in  type. 

On  the  questions  of  failure  of  the  apex  to  '  light 
up ',  and  the  diagnostic  value  of  the  root  shadows, 
we  have  already  spoken,  and  can  only  add  that  we 
have  seen  many  cases  which  were  undoubtedly  tuber- 
culous in  origin,  and  which  presented  no  definite 
X-ray  signs  with  the  exception  of  some  increased 
opacity  at  the  roots  of  the  lungs,  with  opaque 
branches  radiating  towards  the  periphery,  and  that 
further,  in  practically  every  case  of  phthisis  in 
which  any  marked  diminution  in  '  lighting  up  '  of 
an  apex  has  been  a  sign,  the  hilum  shadows  have 
been  also  more  extensive  than  would  be  normally 
expected. 

The  appearance  of  fine  mottling  is  characteristic 
of  an  early  stage  of  the  disease  in  contrast  to  the 
coarser  mottling  which  is  seen  in  chronic  cases, 
when  the  smaller  areas  coalesce  to  form  opacities 
more  'blotchy'  in  type.     If  calcification  occurs  on 


THE  THORAX 


117 


the  top  of  this,  the  opacity  is  rendered  still  more 
marked.  Thus  a  chronic  case  of  phthisis  can  be 
differentiated  from  a  recent  one  by  the  coarse  type 
of  mottling  present,  and  also  by  the  addition  of 
coarse   striations,   caused   by   the   laying   down   by 


Fig.  43.    Rapidly  spreading  Phthisis,  of  Miliary  Type,  giving  rise  to 
'  mottling  '  on  both  sides. 

Nature  of  bands  of  fibrous  tissue,  in  her  endeavour  to 
overcome  the  active  foci,  and  to  localize  the  spread 
of  the  disease.  The  amount  of  opacity  observed 
will  depend  upon  the  extent  of  the  mischief,  and  will 
vary  in  intensity  from  the  early  fine  mottling  to  the 
final  calcified  blotches,  passing  through  the  inter- 
mediate stage  of  caseous  patches,  which  cast  shadows 
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of  greater  intensity  than  those  due  to  the  deposit  of 
early  tubercles. 

Old  healed  lung-cavities  are  easily  recognized  as 
translucent  areas  with  smooth  rounded  walls  ;   when 


Fig.  ii.   Phthisical  Cavity  half  filled  with  Fluid.    The  ujiper  border 
of  the  shadow  is  horizontal,  and  remained  so  on  tiltmg. 

more  active  their  shape  is  irregular,  and  if  they  are 
filled  with  fluid  it  may  be  a  matter  of  difficulty  to 
detect  their  presence,  as  they  show  little  contrast 
to  the  surrounding  opaque  lung-tissue.  If  partially 
filled,  however,  a  line  of  demarcation  is  easily  seen 
between  the  dark  fluid  and  the  translucent  air,  the 
upper  border  being  horizontal  and  remaining  so,  even 
when  the  subject  is  tilted  from  side  to  side  in  the 
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upright  position.  In  advanced  cases  the  ribs  become 
set  at  an  obHqiie  angle,  in  great  contrast  to  the 
horizontal  position  they  assume  in  emphysema. 

Considering,  finally,  the  value  of  the  rays  in  tuber- 
culous disease,  it  may  be  stated  that  great  help  may 
be  given  to  the  physician,  and  in  early  cases  the 
actual  commencement  of  the  disease  may  be  dia- 
gnosed some  time  before  physical  signs  are  present, 
but  before  giving  a  definite  opinion  the  radiographer 
will  do  well  to  safeguard  himself  by  being  familiar 
with  the  minutest  details  of  the  case,  and  thus 
prevent  a  rash  and  possibly  faulty  diagnosis  from 
being  made. 


CHAPTER  II 
THE  DIGESTIVE  TRACT 

In  order  to  follow  the  course  of  food  by  means  of 
X-rays,  from  its  entry  into  the  mouth  to  its  exit 
at  the  anus,  it  is  necessary  to  add,  to  the  particular 
meal  that  is  to  be  taken,  a  certain  amount  of  a  sub- 
stance which  is  opaque  to  the  action  of  the  rays. 
By  this  means  it  becomes  possible  to  view  the  shadow, 
as  it  passes  from  the  mouth  through  the  oesophagus 
into  the  stomach,  if  the  subject  is  placed  in  the  right 
anterior  oblique  position,  and  from  there  to  follow 
it  throughout  the  entire  digestive  tract. 

As  regards  the  constituents  of  the  meal,  in  spite 
of  considerable  discussions  about  the  preparation  of 
a  standard  meal,  which  some  have  urged  should 
be  given  by  every  examiner  on  every  occasion, 
each  radiographer  is  entitled  to  give  what  he  is 
in  the  habit  of  doing,  as  he  will  then  have  his  own 
standard  appearance  as  a  guide. 

For  examination  of  the  oesophagus  above,  a  thick 
mixture  of  the  carbonate  of  bismuth  and  water  is 
satisfactory.  This  should  be  well  stirred  until  it 
becomes  of  a  creamy  consistency,  and  will  be  clearly 
detected  as  it  passes  from  the  mouth  to  the  cardiac 
end  of  the  stomach.  For  the  examination  of  the 
entire  digestive  tract,  the  patient  can  either  be 
'  prepared '   by  having  been  previously  given  the 
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minimum  of  diet,  so  that  his  stomach  is  in  an  empty 
state,  and  can  then  receive  a  mixture  consisting  of 
something  Hke  sixteen  ounces  of  bread  and  milk,  or 
porridge,  mixed  with  two  ounces  of  the  carbonate  of 
bismuth  (or  if  it  is  preferred  the  oxychloride,  or  the 
sulphate  of  barium),  or  after  a  meal,  when  the 
stomach  contains  a  normal  amount  of  food,  an 
emulsion  of  carbonate  of  bismuth,  sugar  of  milk,  and 
a  little  water.  This  latter  method  has  the  advantage 
of  being  pleasanter  to  take,  and  there  will  be  no 
necessity  then  for  the  patient  to  have  to  starve,  and 
afterwards  swallow  a  large  bowlful  of  a  mixture 
which  is,  to  say  the  least  of  it,  unpalatable. 

It  has  been  found  that  a  previous  purgative  has 
little  or  no  effect  upon  the  rate  of  the  passage  of  the 
shadow,  and  it  is  therefore  advisable  that  none  should 
be  given,  the  bismuth  emulsion  being  swallowed  soon 
after  a  meal,  and  the  whole  observation  carried  out 
in  as  natural  a  manner  as  possible,  the  patient's  ordi- 
nary habits  not  being  interfered  with  in  the  least. 

When  the  examination  in  the  right  anterior 
oblique  position  has  been  concluded,  and  a  diagnosis 
made  as  to  whether  any  delay,  if  present,  is  due  to 
aneurism,  mediastinal  tumour,  ulceration  of  the 
oesophageal  walls,  foreign  bodies,  or  merely  functional 
trouble,  &c.,  the  patient  is  examined  in  the  vertical 
position  with  the  screen.  This  is  to  ascertain  the 
size  and  shape  of  the  stomach  and  to  learn  if  any 
abnormality,  such  as  gastroptosis,  atony,  or  hour- 
glass contraction  exists,  and  further  to  observe  the 
peristaltic  movements.    A  radiogram  is  then  taken, 
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and  after  that  an  examination  made  on  the  couch 
in  the  horizontal  position  to  verify  the  results 
already  obtained  regarding  the  size  and  motility  of 
the  stomach,  and  also  to  investigate  the  condition 
of  duodenum. 


Fig.  45.  Four  Hours  after  a  Bismuth  Meal.  The  stomach  still 
contams  food,  and  the  shadow  extends  through  the  ileum  and  caecum,  as 
far  as  the  hepatic  flexure. 

The  second  examination  is  made  four  hours  after 
the  first,  the  third  four  hours  later,  and  the  fourth 
twenty-four  hours  after  the  meal  has  been  given. 
In  each  examination,  if  possible,  the  screen  should  be 
used,  in  addition  to  the  taking  of  a  radiogram,  as 
a  great  deal  can  be  learnt  regarding  the  method  of 
progress  of  the  shadow  by  this  means. 
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By  taking  views  at  these  stated  hours  we   are 
able  to  make  comparisons,   and  although  we  may 


Fig.  46.  Eight  Hours  after  a  Bismuth  Meal.  The  shadow  extends 
from  the  caecum  to  the  sigmoid.  The  food  is  advancing  in  the  latter,  and 
the  tubular  condition  of  the  gut  shows  a  contrast  to  the  sacculated  appear- 
ance of  the  rest  of  the  bowel,  which  is  in  a  state  of  rest.     (See  text.) 

not  be  able  to  state  an  exact  time  when  a  particular 
part  of  the  intestine  should  be  empty,  we  have  no 
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difficulty  in  judging  if  there  is  any  serious  delay,  and 
thereby  tracing  the  seat  of  trouble. 

Roughly  four  hours  after  a  meal  has  been  taken 
the  stomach  should  be  nearly  clear  of  the  shadow, 
and  the  chief  opacity  we  shall  see  at  this  observation 
will  be  in  the  ileum,  while  the  caecum  will  also  have 
been  reached. 

At  the  eight-hour  examination,  if  any  shadow  is 
seen  in  the  stomach  we  shall  know  that  there  is 
delay,  and  be  able  to  attribute  it  to  gastric  or 
iliac  origin,  according  to  the  progress  of  the  shadow 
through  the  large  intestine. 

The  hepatic  flexure  and  transverse  colon  after  eight 
hours  should  be  opaque,  and  the  splenic  flexure 
also  within  another  hour.  At  the  last  examination, 
twenty-four  hours  after  the  opaque  meal  has  been 
swallowed,  we  should  only  see  shadows  in  the  last 
part  of  the  large  bowel,  the  sigmoid,  and  the  rectum. 
Knowing  the  various  points  that  should  be  reached 
at  stated  times,  the  radiographer  is  thus  able  to  put 
his  finger  on  the  particular  spot  which  his  method 
of  examination  proves  to  him  is  the  cause  of  the 
stasis,  either  in  the  stomach,  small  intestine,  or  large 
intestine,  but  it  is  only  by  having  a  standard  of 
comparison,  and  in  each  case  by  following  a  careful 
routine,  that  he  will  be  able  to  make  a  satisfactory 
diagnosis. 

The  CEsophagus. 

CEsophageal  obstruction  can  usually  be  accurately 
and  safely  diagnosed  by  watching  the  passage  of 
the  bismuth  shadow  from  the  mouth  to  the  cardiac 
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orifice.  Tlie  danger  of  passing  a  bougie  is  thus 
avoided,  and  by  means  of  the  X-rays  a  real  advance 
has  been  made  in  this  branch. 

The   patient   is    at    first   placed   in   the    vertical 
position  with  his  back  to  the  tube,  and  a  screen 


Fig.  47.     Twenty-four  Hours  after  a  Bismuth  Meal.     The  caecum 
and  the  rectum  alone  are  full  of  bismuth. 

examination  follows.  Any  bulging  in  the  aortic  region 
is  noted,  and  in  this  position  if  the  oesophagus  is 
dilated  owing  to  the  presence  of  stricture  below  the 
dilated  area,  the  presence  of  food,  &c.,  enables  the 
outline  of  that  organ  to  be  observed  as  a  relatively 
opaque  area  in  contrast  to  the  translucent  lungs. 

The  main  examination  is  made  in  the  right  anterior 
oblique  position,  when  the  shadow  of  the  bismuth 
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should  travel  downwards  without  any  marked  delay 
until  the  cardiac  orifice  is  reached. 

A  slight  pause  in  this  position  is  normal,  as  the 
mouth  of  the  orifice  is  opening  to  receive  the  meal. 

The  causes  of  delay  due  to  obstruction  are  several. 

Foreign  bodies  such  as  coins  and  false  teeth  become 
sometimes  impacted,  and  not  only  cause  delay 
directly  by  their  presence,  but  also  reflexly  by  their 
irritation.  Coins  are  rarely  seen  lying  horizontally 
across  the  lumen  of  the  tube,  but  are  generally  placed 
vertically. 

Functional  causes  in  hysterical  subjects  frequently 
produce  a  considerable  degree  of  obstruction.  An 
interesting  condition  known  as  cardiospasm  is  de- 
scribed, when  the  cardiac  end  of  the  oesophagus 
becomes  constricted  owing  to  spasm,  and  produces 
dilatation  of  the  tube,  which  may  prevent  the 
entrance  of  any  bismuth  into  the  stomach  for  an 
indefinite  period.  In  such  cases  the  shadow  is 
frequently  seen  ending  at  the  orifice  of  the  stomach 
in  a  point,  and  a  thin  line  of  the  bismuth  mixture 
can  be  seen  trickling  through  the  obstructed  area. 
Although  this  condition  is  spasmodic,  it  may  be 
primarily  caused  by  ulceration  in  the  stomach,  and 
it  has  been  suggested  that  it  may  be  a  sign  of  intes- 
tinal stasis. 

Pressure  on  the  external  walls  of  the  oesophagus 
may  lead  to  obstruction  when  aneurism,  enlarged 
glands,  abscesses,  tumours,  &c.,  are  present,  while 
finally  ulceration  of  the  oesophagus  itself,  cancer  of 
the  walls,  cicatrization  due  to  irritants,  and  diver- 
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ticula  may  all  cause  a  stoppage  at  various  positions 

of  the  opaque  meal  before  it  has  reached  the  cardia. 

An  X-ray   examination  frequently  throws   some 

light  upon  the  duration  of  the  disease,  as  in  the  early 


Flu.  48.  Arrest  of  Bismuth  Shadow  below  Level  of  Aortic  Arch. 
A  malignant  gi'owth  of  the  oesophagus  is  seen  pressing  on  the  posterior 
mediastinum.     Right  anterior  oblique  position. 

stages,  before  food  is  definitely  arrested,  the  muscular 
walls  above  the  seat  of  the  lesion  hypertrophy  and 
strong  waves  of  peristalsis  may  be  seen  forcing  the 
meal  through  the  slightly  constricted  area.  Later 
on  these  waves  become  more  violent  as  the  obstruc- 
tion increases,  until  finally,  when  nature  has  no 
longer  the  power  of  propelling  the  food  through  the 
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occluded  lumen,  the  peristalsis  ceases  and  the  liyper- 
trophied  portion  becomes  dilated  and  weakened, 
while  the  contents  which  have  been  swallowed  lie 
in  the  upper  part  of  the  tube  for  a  period  propor- 


FiG.  49.  Arrest  of  Bismuth  Shadow  at  Diaphragmatic  Level  due 
TO  Stricture  of  GEsophagus.  The  bismuth  is  seen  trickling  down  below 
the  point  of  obstruction.     Right  anterior  oblique  position. 

tionate  to  the  degree  of  dilatation  present,  being 
finally  brought  up  through  the  mouth. 

The  stomach. 

The  patient  should  be  first  examined  in  the  vertical 
position,  with  his  back  to  the  X-ray  tube.  The 
position  of  the  umbilicus  should  be  marked  by  means 
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of  a  halfpenny,  which  can  be  strapped  on,  or  tied 
round  the  waist. 

The  normal  stomach  is  J-shaped.     It  is  tubular 
in  form,  lying  almost  entirely  to  the  left  of  the  middle 


Fig.  50.  Normal  J-shaped  Stomach  of  good  Tone.  The  lower  border 
lies  a  little  below  the  umbilical  level,  marked  by  a  halfpemiy,  but  as 
explained  in  the  text  this  does  not  signify  that  any  disease  is  present. 

line.  In  children  it  is  more  spherical  and  is  placed 
more  horizontally.  The  lower  border  in  health  gene- 
rally reaches  the  umbilical  level,  but  may  extend  an 
inch  to  an  inch  and  a  half  lower  without  being  in 
any  way  abnormal.  The  level  of  the  pylorus  is 
about  one   inch  above  the  lower  border,   and  this 


130      X-RAYS  :  THE  INTERPRETATION 

part  of  the  organ  alone  lies  to  the  right  of  the  middle 
line. 

It  must  be  remembered  that  the  heaviest  part  of 
the  contents  of  the  stomach  will  gravitate  to  the 


Fig.  51.  Atonic  Stomach.  The  bismuth  has  fallen  in  an  inert  mass  to 
the  bottom  of  the  sac,  which  lies  a  considerable  distance  below  the 
umbilicus. 

bottom,  and  the  bismuth  mixture  and  any  solid  food 
will  therefore  occupy  that  position,  while  any  air 
which  may  be  present  will  rest  at  a  higher  level. 

The  shape  of  the  stomach  is  maintained  by  the 
tonic  action  of  its  muscular  walls.  In  a  healthy 
stomach,  when  food  is  taken  a  general  increase  of  the 
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width  of  the  lumen  results,  without  any  alteration  in 
the  normal  tubular  form.  In  the  unhealthy  stomach, 
on  the  other  hand,  when  the  tone  is  lost,  the  tubular 
shape  disappears  and  the  contents  fall  in  an  inert 
mass  to  the  bottom.  Peristaltic  waves  travel  from 
the  cardiac  to  the  pyloric  orifices,  along  the  greater 
curvature,  varying  from  minute  ripples  to  contrac- 
tions which  indent  the  regular  unbroken  outline  of 
the  walls.  In  certain  instances,  notably  in  gastric 
ulcer,  they  have  been  observed  to  pass  in  a  reversed 
direction  from  the  pylorus  to  the  cardia,  but  such  an 
appearance  is  not  common. 

In  cases  of  atony,  peristalsis  is  greatly  diminished, 
and  may  even  be  entirely  absent,  although  it  is 
always  possible  to  induce  waves  by  massage. 

In  contrast  to  this,  the  stomach  of  a  subject  suffer- 
ing from  gastroptosis  will  be  found  to  exhibit  normal 
peristaltic  movements,  and  although  the  lower 
border  may  be  situated  well  down  in  the  pelvis,  the 
tone  will  not  be  lost,  and  the  tubular  shape  will  be 
maintained. 

Great  increase  of  peristalsis  is  seen  most  typically 
in  the  earlier  stages  of  pyloric  obstruction,  when  the 
stomach  is  compelled  to  use  every  effort  to  force  food 
through  the  diminishing  lumen.  In  later  stages,  as 
in  oesophageal  obstruction,  when  dilatation  has  re- 
sulted, these  efforts  are  lessened,  and  consequently 
the  peristaltic  movements  are  diminished. 

The  X-ray  examination  should  never  be  concluded 
when  a  patient  has  only  been  viewed  in  the  vertical 
position,  as  not  only  is  the  appearance  considerably 

K2 
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altered  when  the  horizontal  attitude  is  assumed,  but 
it  is  almost  impossible  to  obtain  any  satisfactory 


Fig.  52.     Gastroptosis.     The  tone  of  the  stomach  walls  is  maintamed, 
but  the  whole  organ  has  been  pulled  downwards  into  the  pelvis. 

idea  of  the  shape  and  of  the  peristalsic  movements 
of  the  duodenum  until  the  subject  is  lying  on  the 
table. 
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In  this  position  the  lower  border  naturally  lies  at 
a  higher  level,  and  the  cardiac  portion  of  the  stomach 
is  more  or  less  separated  from  the  pyloric,  a  some- 
what indefinite  shadow  being  traced  between  them. 


Fig.  53,  Pyloric  Obstruction  due  to  Adhesions  in  that  Region, 
which  have  caused  the  stomach  to  be  dragged  upwards.  The  operation  at 
once  rectified  this. 

We  may  now  briefly  consider  the  X-ray  appear- 
ances met  with  in  various  gastric  diseases. 

Functional  disease. 
In  neurotic  and  hysterical  patients  violent  peri- 
staltic movements  are  frequently  visible.     These  are 
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spasmodic  in  nature,  and  may  be  of  so  forcible  a  char- 
acter that  the  appearance  of  hour-glass  contraction 
results.  On  the  other  hand,  in  many  neurotic 
patients  a  general  loss  of  tone  is  apparent,  and  the 
typical  X-ray  appearance,  already  described  in  such 
cases,  is  found. 


Fig.  54.    Hour-glass  Coxtraction  of  Stojiach  of  Spasmodic  Type, 
DUE  TO  Ulceration. 


Gastric  ulcer. 

In  cases  of  acute  ulcer  the  most  noticeable  feature 
is  the  presence  of  a  constriction  at  the  seat  of  the 
lesion.  This  is  frequently  extremely  persistent  in 
character,  and  is  not  affected  by  massage  like  the 
constriction  of  hysterical  origin.  When  well  marked, 
an  hour-glass   stomach   may  be   the   outcome,   the 
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u])per  shadow  being  conical  in  shape,  with  frequently 
only  a  small  channel  of  communication  between  it 
and  the  lower  sac. 

Chronic  ulceration  is  usually  situated  at  either  the 


Fig.  55.    Hour-glass  Contraction  of  Stomach,  organic  in  origin. 

pylorus  or  the  lesser  curvature.  If  at  the  pylorus 
the  first  result  is  seen  to  be  spasmodic  contraction, 
followed  later  by  stenosis  and  resulting  dilatation. 

The  dilatation  observed  following  a  pyloric  stenosis 
is  frequently  of  a  severe  type,  the  bismuth  lying  low 
in  the  pelvis  in  a  crescentic  mass,  with  the  fluid 
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contents  above,  over  which,  separated  by  a  horizontal 
line,  the  presence  of  air  may  be  detected  as  a  trans- 
lucent area,  the  ripples  on  the  surface  of  the  fluid 
being  visible  when  the  patient  is  shaken. 


Fig.  56.     Ptosis  and  Dilatation  of  the  Stomach  with  Constriction 
IN  Region  of  the  Pylorus. 

If  the  abdomen  is  examined  many  hours  later,  the 
bismuth  shadow  is  frequently  still  apparent  in  the 
stomach. 

When  the  ulcer  is  situated  at  the  lesser  curvature, 
the  bismuth  adheres  to  the  walls,  and  an  actual  view 
of  the  lesion  may  be  seen,  preferably  in  the  horizontal 
position.     The  constriction  of  the  muscular  fibres  in 
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the  region  of  the  ulcer  gives  rise  to  an  hour-glass 
contraction,  which  is  characterized  by  an  overloaded 
cardiac  portion,  and  a  lower  pyloric  sac,  which  has 
been  described  as  projecting  upwards  like  a  '  night- 
cap ',  on  account  of  hypertrophy. 

Cancer  of  the  stomach. 

It  is  frequently  a  matter  of  difficulty  to  decide 
from  the  X-ray  appearance  alone  if  malignant  disease 
of  the  stomach  is  present.  No  definite  opacity  is 
shown  by  the  growth  itself,  and  the  only  signs 
perceived  by  the  radiographer  may  be  those  caused 
by  the  pressure  of  the  tumour  ;  for  instance,  if  the 
pylorus  is  attacked,  the  signs  of  pyloric  stenosis  will 
be  observed.  In  some  cases  undoubtedly  ulceration 
originally  simple  in  character  becomes  malignant, 
and  the  typical  X-ray  appearance  of  a  gastric  ulcer 
alone  may  be  seen. 

In  many  instances,  however,  the  outline  of  the 
walls  will  be  irregular,  and  it  may  not  be  easy  to 
determine  whether  such  indentations  are  spasmodic 
or  organic  in  origin — a  point  often  cleared  up  by 
massage. 

The  stomach  may  be  pulled  downwards,  or  to  one 
side,  by  a  growth  which  has  attacked  the  neighbouring 
parts  as  well  as  the  organ  itself,  while  in  cases  in 
which  the  lumen  has  been  diminished  by  inroads 
from  the  walls,  the  normal  opacity  may  be  partially 
broken. 

In  all  cases  it  is  advisable  for  the  radiographer  to 
have  a  full  report  of  the  clinical  signs  and  symptoms 
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before  him,  with  an  additional  analysis  of  the 
chemical  contents,  before  he  makes  a  definite 
diagnosis. 

The  duodenum. 

In  order  to  obtain  a  clear  view  of  the  opaque 
shadow  in  the  duodenum,  the  patient  lying  on  the 
couch  should  be  turned  over  on  to  his  right  side  for 
a  few  minutes,  so  that  the  organ  may  become  filled, 
and  then  again  lie  on  his  back  for  the  rest  of  the 
examination. 

The  duodenum  under  normal  circumstances  is 
of  no  great  length  or  breadth,  and  it  is  therefore 
a  matter  of  some  difficulty  to  obtain  a  satisfactory 
view  of  the  bismuth,  which  passes  rapidly  through 
it,  in  situ. 

If,  however,  it  is  enlarged,  as  is  frequently  the 
case  in  general  stasis  and  chronic  ulceration  of  the 
stomach,  &c.,  not  only  can  a  definite  view  of  the 
organ  be  obtained,  but  it  becomes  a  matter  of  ease 
to  observe  the  presence  of  peristaltic  movements, 
often  of  an  exaggerated  type,  and  in  some  instances 
to  watch  a  reversed  peristalsis  from  the  last  part  into 
the  first. 

It  is  difficult  to  diagnose  the  presence  of  a  duodenal 
ulcer  from  the  X-ray  exammation  alone,  and  of 
importance  to  obtain  assistance  from  the  clinical 
symptoms  as  well,  as  the  signs  of  duodenal  distension 
and  increased  gastric  peristalsis  are  present,  as  has 
already  been  stated,  in  other  diseases,  such  as  gastric 
ulceration. 

The  most  marked  distension  of  the  duodenum  is 
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probably  seen  when  a  kink  is  present  at  the  junction 
of  the  last  part  of  the  duodenum  and  the  first  portion 
of  the  ileum.     In  these  cases  the  upper  part  of  the 


Fig.  57.  Elongation  and  Distension  of  the  Duodenum.  This  radio- 
gram was  taken  on  the  couch.  The  cardia  is  seen  in  the  upper  part  of  the 
picture. 

ileum  is  dragged  downwards,  a  sharp  angle  being 
formed  between  it  and  the  duodenum,  and  as  a  result 
violent  efforts  are  made  by  the  latter  to  force  its 
contents  past  the  obstruction,  with  a  resulting  con- 
gestion and  dilatation. 
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The  ileum. 

The  opacity  observed,  caused  by  the  presence  of 
bismuth  in  the  ileum,  is  of  great  importance,  owing 
to  the  fact  that  in  many  examinations  the  coils  of  the 
small  intestine  remain  full  for  a  considerable  period. 
When  this  is  so  the  patient  is  said  to  be  the  sub- 
ject of  iliac  '  stasis  ',  and  according  to  the  modern 
views  on  this  subject,  such  an  individual  will  absorb 
toxines  on  account  of  the  retention  of  these  contents, 
and  may  not  only  suffer  from  pain,  but  also  from 
general  lassitude  and  depression.  This  stasis  is  not 
confined  only  to  the  ileum,  as  it  may  be  present  also 
in  the  large  intestine,  but  it  is  mentioned  here  because 
the  seat  of  the  trouble  is  so  frequently  found  in  the 
neighbourhood  of  the  ileo-caecal  valve,  that  the 
resulting  iliac  stasis  may  veritably  be  said  to  be  one 
of  the  causes  of  '  all  the  ills  that  flesh  is  heir  to  '. 

Mischief  in  this  region  not  only  causes  an  iliac 
stasis  but  also  indirectly  a  secondary  gastric  stasis, 
as  on  account  of  the  food  being  unable  to  find  an 
adequate  outlet  into  the  large  intestine,  the  small 
bowel  remains  full,  and  prevents  the  stomach  from 
properly  evacuating  its  contents,  although  there  may 
be  no  actual  lesion  present  there. 

In  many  normal  cases  the  ileum  is  empty  eight 
hours  after  food  has  been  swallowed  ;  in  abnormal 
cases  there  may  still  be  food  present  a  day  after  it 
has  been  taken,  or  even  longer.  The  delay  in  the 
ileo-caecal  region  may  be  due  to  the  presence  of 
adhesions  resulting  from  an  old  attack  of  appendi- 
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citis,  or  to  what  has  been  recently  so  greatly  dis- 
cussed, the  formation  of  a  kink,  due  to  the  abnormal 
length  of  the  terminal  coil  of  the  ileum. 

The  large  intestine. 

The  shadow  of  the  opaque  meal  can  be  seen,  when 
in  the  region  of  the  large  bowel,  with  the  greatest 
clearness. 

During  a  careful  examination  with  the  screen,  some 
idea  can  be  obtained  of  the  method  that  Nature 
employs  in  her  endeavour  to  assist  the  contents  of 
this  part  of  the  alimentary  tract  forward.  It  will 
be  noted  that  a  considerable  portion  of  the  tube  is 
sacculated  in  appearance,  but  that  the  front  portion 
of  the  shadow,  through  which  the  meal  is  actually 
passing,  is  more  rounded  in  shape  and  narrower  in 
width.  This  is  explained  by  the  fact  that  the  cir- 
cular fibres  of  the  gut  are  contracted  so  as  to  form 
a  rigid  tube  through  which  the  food  can  be  propelled. 
When  the  contents  have  passed,  the  muscular  spasm 
is  relieved,  and  the  gut  falls  into  relaxed  sacculated 
folds. 

It  is  not  an  easy  matter  to  frequently  follow  these 
changes,  as  for  the  greater  part  of  the  day  the  bowel 
is  at  rest,  and  peristaltic  movements  only  occur  at 
rare  intervals,  and  then  for  short  periods,  generally 
after  a  meal  has  been  taken. 

Stasis  is  frequently  observed  in  the  region  of  the 
caecum  and  ascending  colon,  owing  to  the  presence 
of  kinking  near  the  hepatic  flexure. 

The  transverse  colon  may  be  dragged  down  into 
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the  pelvis,  and  when  this  condition  is  present  it  will 
be  generally  found  that  the  other  viscera  are  similarly 
affected.  It  should  be  noted  that  in  a  general 
visceroptosis   the   splenic   flexure   is   usually   in   its 


Fig.  58.     JNIahked   Prolapse   of  the  Transverse  Colon. 

normal  position,  owing  to  the  presence  of  the  costo- 
colic  ligament  from  which  it  is  suspended. 

The  passage  of  faeces  may  be  unduly  delayed  in 
the  sigmoid  owing  to  presence  of  adhesions,  which 
may  result  in  kinking,  and  in  the  rectum  indefinitely, 
in  constipated  subjects,  especially  when,  as  is  fre- 
quently the  case,  that  portion  of  the  bowel  becomes 
elongated,    assuming   an   s -shape,    which   makes   it 
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difficult  for  the  abdominal  muscles  to  exert  their 
normal  action  in  a  downward  direction. 

A  growth  in  any  part  of  the  large  intestine  will 
naturally  cause  more  or  less  delay  in  the  passage  of 


Fig.  59.     Large  Intestine  filled  with  Barium,  ^VHICH  was 

ADMINISTERED   PER  ReCTUM, 


a  meal,   and  may  alter  the  shape  of  the  shadow, 
owing  to  obstruction  of  the  lumen. 

In  cases  of  colitis  the  radiographer  may  be  asked 
by  means  of  the  opaque  meal  to  assist  the  surgeon 
by  observing  a  part  of  the  bowel  which  appears 
healthy,  and  which  in  serious  cases  can  be  used  as 
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a  basis  for  operation.  Such  a  diagnosis  can  be  made 
when  the  meal  is  given  in  the  usual  way  by  the 
mouth,  and  frequent  exposures  made  when  the 
shadow  has  once  reached  the  intestine,  or  by  means 
of  an  opaque  enema  of  either  bismuth  or  barium 
sulphate. 


CHAPTER  III 

THE  URINARY  SYSTEM 

For  examination  of  the  entire  urinary  tract,  it  is 
necessary  to  make  two  examinations. 

The  screen  is  of  very  Uttle  if  any  value,  and  with 
the  Schonberg  apparatus,  or  the  Ironside  Bruce 
couch,  the  radiograms  may  be  taken  without  delay, 
provided  the  tube  has  been  accurately  centred.  It 
is  advisable  to  again  emphasise  in  this  section  the 
necessity  for  this  precaution,  for  the  question  of 
operation  is  decided  on  the  X-ray  report,  and  if 
opacities  are  stated  to  be  urinary  concretions,  on 
account  of  the  false  impression  conveyed  regarding 
their  position,  owing  to  the  fact  that  the  rays  have 
not  been  correctly  centred,  the  patient  may  be  com- 
pelled to  undergo  a  severe  operation  which  could  not 
under  the  circumstances  result  in  any  benefit. 

The  first  radiogram  is  taken  in  the  postero-anterior 
position,  and  a  view  is  obtained  of  the  pelvis,  bladder, 
and  lower  ureter  regions.  The  centre  of  the  tube 
should  be  placed  above  or  below  the  symphysis  pubes, 
and  the  radiogram  thus  obtained  on  a  plate  12  in.  x 
10  in.  will  embrace  all  parts,  extending  from  just 
above  the  iliac  crests  to  slightly  below  the  hip-joints. 

The  second  radiogram  is  taken  in  the  antero- 
posterior position,  and  shows  the  renal  regions  and 
the  upper  part  of  the  ureters  on  both  sides.     The 
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anti-kathode  should  be  placed  below  or  above  the 
second  lumbar  spine,  and  this  view  will  extend  from 
the  last  ribs  to  the  top  of  the  ihac  crests.  It  is 
important  that  no  part  of  the  ureter  should  be  missed, 
and  that  the  top  of  the  iliac  crests  should  appear  in 
both  radiograms,  as  the  part  of  the  ureter  which 
passes  over  this  region  is  frequently  the  seat  of 
a  calculus,  and,  in  stout  subjects  especially,  consider- 
able skill  may  be  required  to  include  this  portion  of 
the  urinary  tract. 

In  order  to  obtain  satisfactory  results,  the  patient 
must  be  prepared  beforehand,  and  the  bowel  ren- 
dered as  empty  as  possible.  If  this  precaution  is 
not  taken,  not  only  is  the  clearness  of  the  negative 
lessened,  but  opacities  are  sometimes  seen  in  the 
bowel  which  may  be  mistaken  for  urinary  calculi. 

Two  nights  before  the  examination,  the  patient 
should  be  given  a  vegetable  laxative,  such  as  a  rhu- 
barb pill,  and  during  the  next  day  the  quantity  of  the 
food  taken  should  be  small,  although  the  quality 
is  not  a  matter  of  importance.  The  vegetable 
laxative  should  be  repeated  at  night,  and  a  little 
fluid  only  be  drunk  the  next  morning  for  breakfast, 
which,  for  the  comfort  of  the  patient,  should  precede 
the  examination  itself  by  not  more  than  an  hour 
or  two. 

It  is  frequently  a  matter  of  some  difficulty  to  see 
clearly  the  outline  of  the  kidneys  in  stout  subjects, 
although  in  ordinar}^  cases,  with  a  satisfactory  appa- 
ratus, the  renal  margins  should  be  easily  defined. 
It  is  therefore  necessary  to  bear  in  mind  the  normal 
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Fig.  60.     Stone  in  Ureter  just  before  it  crosses  the  Sacro-iliac 

Articulation. 


Fig.  61.  Stone  in  Ureter  just  before  it  crosses  the  Sacro-iliac 
Articuiation.  Calculi  are  frequently  present  in  this  position,  and  it  is 
important  always  to  include  it  in  a  radiogram. 

L2 
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position  of  not  only  the  kidneys  but  the  ureters 
also. 

The  kidneys  are  roughly  four  and  a  half  inches  in 
the  vertical  diameter.  The  right  kidney  is  situated 
at  a  slightly  lower  level  than  the  left,  its  upper  pole 


Fig.  62.     Radiogram  showing  Otjltine  of  both  Kidneys. 

reaching  as  high  as  the  space  between  the  eleventh 
and  twelfth  ribs,  while  that  of  the  left  extends  as 
high  as  the  lower  border  of  the  eleventh  rib. 

If  vertical  lines  are  dropped  from  the  outer  borders 
they  will  bisect  the  iliac  crests  at  their  highest 
points. 

The  ureters  run  downwards,  crossing  the  tips  of  the 
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transverse  processes  of  the  lumbar  vertebrae  and  then 
extending  in  front  of  the  sacro-ihac  joint,  finally 
enter  the  bladder,  after  passing  about  half  an  inch 
within  the  pelvic  brim. 

The  examination,  which  the  radiographer  is  gener- 
ally asked  to  make,  is  for  the  purpose  of  diagnosing 
the  presence  and  locating  the  position  of  calculi. 
These  are  composed  of  either  oxalate  of  lime,  phos- 
phate of  calcium,  or  of  uric  acid ;  stones  of  mixed 
composition  are  also  common.  Concretions  contain- 
ing either  of  the  first  two  ingredients  appear  upon 
the  plate  as  opacities  of  various  sizes  and  shapes, 
the  oxalate  stone  throwing  the  denser  shadow. 

If,  on  the  other  hand,  a  stone  is  composed  purely 
of  uric  acid,  as  is  frequently  the  case  in  the  region  of 
the  bladder,  no  opacity  is  visible,  and  for  diagnostic 
purposes  the  rays  are  of  no  value.  It  is  advisable, 
therefore,  for  the  radiographer  always  to  mention 
this  fact  in  his  report,  in  order  that  if  a  sound  should 
be  passed  into  the  bladder,  and  a  stone  diagnosed 
by  such  means,  no  blame  may  be  attached  to  him 
for  having  failed  by  his  method  to  show  any  evidence 
of  its  presence. 

The  importance  of  an  X-ray  investigation  in  aU 
cases  of  possible  stone  is  impressed  upon  radiographers 
in  proportion  to  their  experience,  as  it  is  impossible 
for  any  one  who  has  made  frequent  examinations 
not  to  have  met  with  cases  in  which  a  diagnosis  of 
calculus  has  been  made  on  the  one  side,  while  the 
X-ray  examination  has  shown  that  in  reality  the 
opposite  side  was  the  seat  of  trouble.     Also  when 
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a  concretion  has  been  suspected  on  one  side,  fre- 
quently the  radiogram  has  shown  the  presence  of 
perhaps  multiple  stones  on  both  sides.  In  all 
doubtful  cases — that  is  to  say,  in  cases  in  which  an 
opacity  may  be  due  to  the  presence  of  a  substance 
other  than  a  stone,  either  on  account  of  its  position, 
appearance,  or  shape — a  second  examination  should 
always  be  made.  Sometimes  it  is  no  easy  matter  to 
make  a  positive  diagnosis  of  the  presence  of  a  cal- 
culus. In  the  first  place,  one  or  both  kidneys  may 
be  displaced  or  enlarged,  and  if  their  outhne  is  not 
clearly  shown  it  is  almost  impossible  to  tell  if  a 
shadow  lies  within  the  renal  region  or  not.  Under 
these  circumstances,  if  a  further  examination  still 
leaves  the  position  of  the  kidney  in  doubt,  the 
radiographer  will  have  to  base  his  opinion  on  the 
appearance  of  the  opacity.  A  calculus  has  generally 
a  definite  outline,  and  with  few  exceptions  assumes 
a  tj^pical  shape — oval,  rectangular,  &c. — which  the 
examiner  is  in  the  habit  of  associating  with  its 
presence.  Further,  the  shadow  is  uniformly  dense. 
These  points,  which  may  not  be  diagnostic  separately, 
when  taken  together  enable  the  radiographer  to 
pass  his  opinion  with  a  considerable  degree  of  cer- 
tainty. The  objects  most  likely  to  be  mistaken  for 
a  stone  are  either  foreign  bodies  or  faecal  accumula- 
tions in  the  bowel  (the  differential  diagnosis  of  which 
a  further  examination  will  help  to  decide),  calcified 
patches  in  the  kidney,  due  to  the  presence  of  old- 
standing  disease,  calcified  arteries,  or  calcareous 
mesenteric     glands.     The    latter    are     a     constant 
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stumbling-block  to  the  beginner,  but  with  care  no 
mistake  should  be  made,  as  not  only  are  they  irregu- 
larly distributed,  but  they  are  nearly  always  spherical 
in  shape,  and  throw  a  shadow,  unlike  urinary  con- 
cretions, more  opaque  in  some  parts  than  others. 


Fig.  63.  Calculi  in  Lower  Border  of  greatly  enlarged  Kidney. 
The  outline  of  this  kidney  is  not  defined,  while  that  on  the  other  side  is 
clearly  outlined. 

X-ray  examinations  of  the  urinary  tract  are  not 
confined  to  an  examination  for  stone,  however,  as 
owing  to  the  fact  that  the  kidney  outlines  should  be 
visible,  any  displacement  may  be  diagnosed.  Fur- 
ther, various  diseased  conditions  may  be  apparent, 
and  help  thus  afforded  to  the  physician  and  surgeon. 

Recently  coUargol,  a  silver  salt,  has  been  injected 
through  the  catheterized  ureters,  and  being  intensely 
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opaque  to  the  rays,  outlines  clearly  the  whole  length 
of  the  ureters,  and  the  pelvis  of  the  kidneys.  This 
operation  can  be  carried  out  without  an  anaesthetic, 
and  also  without  a  great  deal  of  discomfort  to  the 
patient,    the    coUargol   being   very  ]slowly  ^injected 


Fig.  64.  Calculus  in  the  Upper  Ureter,  and  CAXciriED  Abdominal 
Glands.  The  shadow  near  the  transverse  process  is  in  the  line  of  the 
ureter  ;  the  other  shadows  are  neither  in  the  position  of  the  ureter  or 
kidney. 

after  the  catheter  is  in  position  in  the  ureter,  and  the 
exposures  made  directly  after. 

Renal  calculi. 

Calculi  may  be  present  in  one  or  other  kidney,  or 
in  both.  They  may  be  single  or  multiple  in  number. 
The  density  of  their  shadow  is  generally  uniform,  the 
margins  are  clear  cut,  and  definite  in  shape.     The 
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portion  of  the  kidney  occupied — cortex  or  pelvis — can 
be  noted  by  reference  to  the  position  of  the  organ 
in  the  abdomen,  already  stated.  When  a  concretion 
lies  in  the  pelvis,  the  entire  outline  of  the  calyces 


Fig.  65.    Stone  in  the  Lower  Pole  of  Kidney. 

may  be  defined,  showing  an  appearance  similar  to 
that  produced  by  the  injection  of  coUargol. 

Ureteral  calculi. 

These  may  either  be  impacted,  or  on  their  way 
from  the  kidney  to  the  bladder. 

In  the  former  case  the  originally  small  shadow 
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increases  in  size  owing  to  the  disposition  of  fresh 
hme,  and  becomes  longer  and  wider,  assuming  an 
oval  shape,  with  the  long  axis  placed  verticall}^  In 
the  latter  the  stone  remains  a  minute  size,  often  with 


Fig.  66.    Lauge  Mass  blockixg  up  the  Calyces  of  the  Right  Kidney. 

a  pointed  extremity,  and  can  be  watched,  if  frequent 
examinations  are  made,  until  it  is  passed  from  the 
ureter  into  the  bladder. 

Such  concretions  are  apt  to  be  mistaken  for  pelvic 
'  blotches ',  which  are  situated  along  the  pelvic 
margins,  especially  in  the  region  of  the  spine  of  the 
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ischium.  These  are  oval  in  shape,  and  frequently 
are  placed  in  the  line  of  the  ureter,  thus  making  the 
diagnosis  exceedingly  difficult. 

Vesical  calculi. 
In  this  region  calculi  vary  in  size  from  the  small 
particles,  recently  passed  from  the  ureter,  to  large 
concretions,  generally  oval  in  shape. 


Fig.  67.    Stone  in  Lower  Ureter. 

As  they  are  frequently  composed  of  uric  acid,  they 

may  be  entirely  missed  in  an  X-ray  examination, 

although  if  they   contain  phosphates  and  oxalates 

a  very  definite  and  easily  distinguished  shadow  is 

observed. 

Mesenteric  glands. 

These,  as  already  stated,  are  often  visible  in  the 
examination  of  the  abdomen  with  the  rays.     They 
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may  be  few  or  very  numerous,  are  generally  mov- 
able, spherical  in  shape,  and  may  show  variations  in 
density. 

Tuberculous  kidney. 

Help  may  be  obtained  in  the  diagnosis  of  this 
complaint  by  the  presence  of  mesenteric  glands. 
The  outline  of  the  kidney  is  frequently  enlarged  and 
blurred,  while  irregular  shadows  may  be  seen  in  the 
renal  area,  owing  to  the  deposition  of  lime  on  the 
caseating  debris. 

Renal  new- growth. 

If  a  new-growth  is  present,  the  outline  of  the  kidney 
may  be  seen  by  the  X-rays  to  be  uneven  in  contour, 
and  the  line  of  the  psoas  muscle  may  be  obliterated. 
It  is  always  a  difficult  matter  to  make  a  positive 
diagnosis  in  such  a  case,  however,  and  it  is  wiser  to 
express  a  doubtful  opinion. 

Hydro- nephrosis  and  Pyo- nephrosis. 

These  conditions,  especially  the  latter,  are  fre- 
quently seen  in  a  good  radiogram,  the  lower  pole  of 
the  kidney  being  enlarged,  and  mottling  being 
apparent.  A  calculus  may  be  visible  filling  the  pelvis, 
or  blocking  the  upper  part  of  the  ureter. 

By  means  of  coUargol  the  dilated  pelvis  can  be 
made  visible  to  the  examiner. 


CHAPTER  IV 

BONES  AND  JOINTS  (INJURIES) 

In  making  an  X-ray  examination,  in  order  to 
determine  the  presence  of  fractures  or  dislocations, 
two  cardinal  rules  should  always  be  remembered. 

First,  a  negative  diagnosis  should  never  be  given 
after  a  screen  examination  alone  has  been  made  ; 
and  secondly,  the  amount  of  displacement  cannot 
be  gauged  by  a  radiogram  in  one  direction  only. 

By  observing  the  first  rule  the  radiographer  will 
safeguard  himself  when  the  extent  of  the  injury 
comes  to  be  discussed,  as  it  frequently  is,  in  the 
courts,  and  will  not  fall  into  the  error  of  missing 
a  spiral  fracture  or  one  in  which  there  is  no  displace- 
ment of  fragments. 

If  the  second  rule  is  adhered  to,  the  radiographer 
will  be  able  to  avoid  reporting  '  fracture,  position  of 
fragments  satisfactory  ',  when  one  view  shows,  on 
account  of  overlapping,  apparently  good  apposition, 
and  the  examination  at  right  angles  proves  that  the 
ends  of  the  bones  are  widely  separated. 

Another  rule  to  be  remembered  is  that  both  in 
fractures  and  dislocations,  but  more  especially  in  the 
latter,  the  limb  must  be  placed  in  a  standard  position, 
and  the  tube  centred  above  or  below  the  part  of  the 
bone  to  be  examined.  The  operator  has  only  to 
test  these  points  on  a  normal  subject,  and  see  the 
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Fig.  68.  Multiple-fissciied  Feacture  of  Lower  End  of  Radius. 
This  lesion  could  not  possibly  have  been  diagnosed  by  a  screen  examination 
alone.     The  lower  end  of  the  ulna  is  dislocated  backwards. 
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changes  of  appearance  which  alteration  in  position 
will  produce  on  the  screen  or  plate,  and  further  with 
the  diaphragm  widely  open  examine  a  certain  part 
of  a  bone  when  the  anti-kathode  is  placed  immedi- 
ately under  it  and  then  some  distance  away,  to 
satisfy  himself  of  the  correctness  of  these  remarks. 


Fig.  69.  Two  Views  at  Right-angled  Planes  of  the  Bones  of  the 
FoREAKM.  The  oblique  fracture  seen  in  the  lateral  is  invisible  in  the 
postero -anterior  view. 

It  is  an  axiom  that  disease  cannot  be  diagnosed 
unless  the  condition  of  health  is  understood.  This 
is  a  remark  which  applies  forcibly  to  the  radiography 
of  the  osseous  structures,  and  it  is  a  wise  precaution 
for  a  beginner  at  the  outset  of  his  study  of  the  subject 
to  obtain  a  clear  idea  of  the  normal  appearance  of  all 
the  bones  and  joints  in  the  body. 
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Further,  a  sound  knowledge  of  the  time  at  which 
the  various  epiphyseal  centres  are  formed  and  united, 
and  also  the  appearances  which  they  present,  is 
essential. 

The  elbow-joint  is  especially  a  stumbling-block  in 
this  respect,  and,  as  children  frequently  injure  this 


Fig.  72.    Supra-condyloid  Fracture  of  Humerus  with  Formation 
OF  Callus,  and  other  Injuries  of  Bones  of  Elbow-joint. 

part,  an  X-ray  examination  is  being  constantly 
demanded.  Another  region  in  which  mistakes  fre- 
quently occur  is  the  shoulder- joint,  when  the  question 
of  dislocation  is  considered.  The  fault  in  this  case, 
however,  is  generally  attributable  to  the  fact  that 
the  rays  are  not  centred  vertically  under  the  same 
spot,  and  the  arm  when  the  patient  is  lying  on  the 
table  not  placed  by  the  side  of  the  body,  with  the 

MOW  AT  JjI 


162      X-RAYS  :  THE  INTERPRETATION 

palm  downwards.  If  the  limb  is  moved  from  this 
position  the  head  of  the  humerus  rotates,  and  it 
becomes  a  matter  of  difficulty  to  decide  whether  it 
lies  in  the  glenoid  cavity  or  not.  The  appearance 
of  the  radiogram  is  further  altered  if,  when,  say,  the 
tip  of  the  coracoid  process  is  chosen  as  the  point  for 
centring  on  one  occasion,  the  tube  is  centred  beneath 
another  point  at  a  future  examination. 

Fractures  may  be  simple  or  compound.  They 
may  further  be  transverse,  obHque,  stellate,  spiral,  or 
vertical  in  character.  They  may  extend  right  through 
the  bone,  and  be  complete,  or  partially,  and  be  in- 
complete. Finally,  the  line  of  cleavage  may  be  in 
many  directions,  and  comminution  be  the  result. 

They  are  shown  upon  the  radiographic  plate  as 
translucent  spaces  lying  between  the  opaque  ends 
of  the  fragments.  When  they  have  occurred  some 
time  previous  to  the  examination,  the  point  to  be 
settled  is  the  amount  of  callus  which  has  formed. 
This  is  shown  generally  as  a  faint  shadow,  less  opaque 
than  bone.  In  the  early  stages  it  is  not  visible  by 
the  rays,  but  when  lime  salts  have  been  deposited, 
the  density  of  the  shadow  increases,  until  eventually 
it  differs  only  slightly  from  that  of  normal  bone.  In 
cases  when  fractures  occur  on  account  of  diseased 
conditions  such  as  sarcoma,  and  also  in  patients 
suffering  from  rickets,  chronic  alcoholism,  or  even 
senility,  little  or  no  callus  may  be  found. 

Comparable  with  the  laying  down  of  callus  in 
fractures  is  the  ossification  of  torn  periosteum  round 
an   old  unreduced  dislocation.     When  this   occurs, 
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an  open  operation  is  required  before  the  parts  are 
satisfactorily  replaced.  After  reduction  a  further 
examination   should  always  be   made   so   that  the 


Fig.  73.  Eractuke  of  Fibula.  This  injury  is  three  months  old,  and 
callus  has  not  properly  formed  owing  to  the  presence  of  a  torn  tendon 
between  the  fragments. 

radiographer  may  satisfy  himself  that  the  operation 
has  been  successfully  accomplished. 

Compound  fractures  of  course  do  not  affect  the 
X-ray  appearance  directly,  but  are  important,  as, 

M  2 
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Fig.  74.    Feactijre  of  Ui:n-a,  showing  Excess  of  Callus  Formation. 
Note  rarefaction  of  bones,  due  to  disuse. 
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owing  to  the  necessity  for  dressing  a  septic  wound, 
union  may  be  delayed,  and,  as  the  ends  of  the  bones 
may  become  infected,  necrotic  changes  may  result. 
In  gun-shot  and  shell  w^ounds  this  latter  condition 
is  very  noticeable,  and  whether  a  bullet  is  present, 
has  passed  through,   or  been  extracted,  the  union 


Fig.  75.    Comminution  of  Bones  of  Elbow-joint  caused  by  a  Bullet. 

may  be  greatly  delayed  owing  to  the  advent  of  the 
septic  element. 

A  point  of  great  importance,  both  in  septic  and 
aseptic  injuries  in  the  neighbourhood  of  joints,  is  the 
determination  of  whether  or  not  a  fracture  extends 
into  the  joint. 

In  fractures  caused  by  modern  explosives  one 
feature  is  most  strongly  in  evidence,  namely  the 
extraordinary  amount  of  comminution  present. 

The  author  has  seen  bones  fractured  by  bullets,  in 
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which,  although  httle  displacement  was  present,  the 
number  of  small  comminuted  fragments  was  so  great 
that  it  was  impossible  to  count  them. 

In  contrast  to  this,  some  cases  in  which  the  bone 
has  been  pierced  by  a  bullet  show  no  sign  of  fracture. 
As   an  example,   in  one  man  a  bullet  went  right 


Fig.  76.     Sev^ere  Comminuted  Fracture  round  Elbow-joint,  the 
Result  of  Hand  Ctrenade. 

through  the  iliac  crest,  in  which  it  left  a  fairly  large 
hole,  and  without  causing  any  fracture  in  that  region 
entered  the  bowel,  producing  a  fsecal  fistula,  and  was 
passed  in  the  excreta.     [See  figs.  30  and  31.] 

Another  curious  result,  which  may  be  caused  by 
a  missile  from  a  firearm,  is  the  splintering  of  one 
bone  and  the  destruction  of  the  ligaments  around, 
resulting  in  a  dislocation  of  a  neighbouring  bone 


BONES  AND  JOINTS  (INJURIES)       167 

which  may  not  be  fractured  at  all.  As  an  instance 
of  this  may  be  given  several  cases  of  comminuted 
fracture  of  the  radius  with  backward  and  inward 
dislocation  of  the  ulna. 

The  presence  of  a  fragment  of  shell  may  be  differ- 
entiated from  a  piece  of  loose  bone  in  the  neighbour- 


FiG.  77.     CoMivnNUTED  Fbacture  of  Cuboid.     Part  of  the  bone  appears 
almost  pulverized. 

hood  of  a  fracture  by  the  greater  opacity  of  its 
shadow.  This  is  an  important  point  to  remember, 
as  in  one  case  a  joint  was  opened  for  the  removal  of 
a  bullet  and,  after  a  circular  piece  of  bone  had  been 
extracted  of  the  shape  and  size  of  the  foreign  body, 
closed,  although  the  bullet  was  still  in  situ. 

Fractures  of  the  vault  are  easily  detected  by  the 
rays,  but  the  beginner  must  be  careful  not  to  confuse 
the  normal  sutures,  which  are  clearly  seen  in  a  good 
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radiogram,  with  them.  An  ordinary  fracture  at  the 
base  may  be  difficult  to  detect,  but  if  a  fragment  of 
bone  has  been  driven  in,  a  good  view  of  the  lesion 
is  possible. 

A  common  result  of  fractures  is  impaction  of  the 
two  fragments,  in  which  case,  as  the  rays  have  to 


Fig.  78.     Depressed  Fractuke  of  Skull  just  below  the  Lambdoidal 
Suture.     Some  fragments  of  bullet  are  lying  below  the  safety-pin. 

pierce  an  increased  thickness  of  bone,  the  shadow  is  of 
greater  density.  This  is  not  an  unusual  occurrence  in 
fractures  round  the  wrist-,  shoulder-,  and  hip- joints, 
and  in  the  latter  case  the  diagnosis  should  be  carefully 
confirmed  by  a  good  radiogram,  as  in  old  people,  if 
the  position  is  in  any  way  satisfactory,  it  is  inadvis- 
able to  interfere  with  the  parts. 

Patients,  who  are  said  to  be  suffering  from  old 
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'  sprains ',  are  frequently  sent  to  the  radiographer  for 
an  examination,  on  account  of  continued  pain.  In 
such  cases  a  fracture  will  often  be  observed,  and  if 
in  the  neighbourhood  of  the  wrist-joint,  the  scaphoid 
bone  may  be  found  to  be  the  seat  of  the  trouble. 
It  may  be  impossible  to  diagnose  a  fracture  of  the 


Fig.  79.     Fracture  of  the  Surgical  Neck  or  the  Humerus. 

ribs  by  means  of  the  rays,  owing  to  the  fact  that  the 
diaphragmatic  shadow  prevents  a  view  of  the  lower 
ones  from  being  obtained.  It  is  well  not  to  waste  time 
on  such  cases,  however  much  one  is  pressed  to  do  so. 
In  the  region  of  the  hip- joint,  dislocations  of  the 
head  of  the  femur  may  be  caused  not  only  by  acci- 
dent but  also  by  tubercular  disease,  and  not  infre- 
quently are  present  from  birth,  in  which  case  the 
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Fig.  80,     Double  Dislocation  of  the  Hip-joint.     The  neck  of  the  right 
femur  is  set  at  right  angles  to  the  shaft  in  the  position  of  coxa  vara. 


Fig.  81.  Dislocation  of  the  Left  Hip-joint.  The  head  and  the  neck 
of  the  femur  form  nearly  a  straight  line  with  the  shaft,  the  condition  being 
knowii  as  coxa  valga. 
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[Fig.  82,     Fracture  of  Neck  of  Femur.    The  lower  fragment  is  lying 
considerably  behind  the  head  of  the  femur. 
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head  of  the  femur  is  generally  poorly  developed,  and 
the  acetabulum  imperfectly  formed. 

The    radiographer    may    be    asked    to    make    an 
examination  of  such  a  hip  after  it  has  been  reduced 


Fig.  83.  Transverse  Fracture  of  Patella. 

by  the  Lorenz  method,  and,  although  the  limb  is 
placed  in  plaster  of  paris,  there  should  be  no  diffi- 
culty in  obtaining  a  satisfactory  plate. 

When  the  neck  of  the  femur  is  placed  at  right 
angles  to  the  shaft,  the  condition  is  described  as  being 
one  of  '  coxa  vara ',  and  when  the  neck  forms  a  straight 
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line  with  the  shaft,  as  one  of  '  coxa  valga '.  By  means 
of  X-rays  we  are  able  to  throw  valuable  light  on 
such  conditions,  and  to  differentiate  between  them 
and  other  troubles  in  the  region  of  the  hip,  which 
by  clinical  methods  alone  we  may  be  unable  to  do. 


Fig.  84.     Comminuted  Fracture  of  Lower  End  of  Femur  in 

BAD   position. 

In  cases  of  dislocation  of  the  hip  it  is  advisable  to 
take  both  joints  on  one  plate  for  the  sake  of  com- 
parison. In  a  normal  hip  the  inner  side  of  the  neck 
and  the  top  of  the  obturator  foramen  form  an  un- 
broken arch.  Should  this  be  absent  a  dislocation 
may  be  diagnosed. 


CHAPTER  V 
BONES  AND  JOINTS  (DISEASES) 

The  diagnosis  of  pathological  conditions  of  bones 
and  joints  should  as  a  rule  only  be  made  after  a 
radiogram  has  been  taken.  It  is  quite  possible  in 
some  instances  to  come  to  a  definite  conclusion 
regarding  the  state  of  a  bone  or  a  joint  by  means  of 
the  screen,  if  a  gross  lesion  is  present,  but  in  a  large 
percentage  of  cases  in  which  the  assistance  of  the 
radiographer  is  required,  an  alteration  in  the  density 
is  the  only  sign  that  may  reveal  itself,  and  a  careful 
study  of  a  plate  is  necessary  before  an  opinion  is 
passed. 

Absolute  immobility  is  essential,  as  it  is  important 
to  see  the  structure  to  the  best  advantage,  and  in  all 
cases,  with  the  possible  exception  of  the  hip- joint 
and  spine,  every  spicule  of  bone  should  be  clearly 
defined,  so  that  a  more  translucent  or  more  opaque 
portion  will  stand  out  in  contrast  to  the  remainder. 
As  an  example  of  this,  as  will  be  later  described  in 
tuberculous  disease  of  the  joints,  the  radiographer 
frequently  bases  his  opinion  of  the  presence  of  such 
a  lesion  on  the  fact  that  the  affected  part  lacks 
detail,  and  gives  the  observer  the  idea  that  a  bad 
radiogram  of  that  particular  joint  has  been  taken. 
If  the  tube  has  been  centred  below  the  joint,  and 
the    neighbouring   bone    is    clearly    seen    and    well 
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defined,  an  error  will  not  have  been  made  by  such 
a  diagnosis;  but  if  the  whole  plate  is  indistinct,  no 
value  can  be  placed  on  the  fact  that  the  joint  outline 
is  lacking  in  detail. 

The  alteration  in  density  generally  manifests 
itself  by  the  fact  that  the  abnormal  part  shows  an 
increased  translucency  to  the  rays.  This  is  due  to 
the  absorption  of  the  lime  salts,  which  normally  are 
the  chief  cause  of  bones  withstanding  the  penetrative 
power  of  the  rays ;  but  it  should  be  remembered  that 
an  increased  translucency  may  not  only  be  caused 
by  the  presence  of  disease  directly,  but  also  indirectly 
by  immobility  of  a  part,  on  account  of  disease  in  the 
neighbouring  structures.  Thus  an  appearance,  simu- 
lating the  presence  of  arthritis,  may  be  obtained 
when  a  severe  injury  has  caused  some  portion  of 
a  limb  to  be  fixed  for  a  considerable  period,  owing  to, 
say,  an  accident. 

A  point  that  it  is  well  to  remember,  and  one  which 
may  save  the  beginner  from  an  error,  is  that  if  any 
doubt  is  present,  a  radiogram  of  the  corresponding 
part  on  the  other  side  should  be  taken,  and  a  com- 
parison of  the  two  made. 

In  addition  to  an  alteration  in  density,  disease  may 
reveal  itself  by  the  laying  down  of  new  bony  struc- 
ture, as  in  periostitis,  and  in  the  actual  destruction 
of  osseous  tissue  already  present,  as  in  necrosis. 
Further,  the  complaints  of  childhood  may  alter,  not 
only  the  appearance  of  epiphyseal  cartilages,  as  in 
rickets,  but  also  the  shape  and  size  of  the  shafts  of 
long  bones. 
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With  these  preHminary  remarks,  we  can  now 
consider  first  the  lesions  of  bones  and  later  those 
of  joints. 


Fig.  85.     Lateral  View  of  the  Bones  of  the  Elbow-joint,  showing 
chronic  periosteal  thickening  of  the  upper  part  of  the  shaft  of  the  ulna. 

Bone  Lesions 
Periostitis. 

This  may  either  be  traumatic  in  origin,  or  the 
result  of  inflammation,  in  which  case  it  is  either  acute 
or  chronic. 
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In  the  early  stage  of  acute  trouble  no  alteration 
may  be  manifest,  but  later  on  a  linear  shadow  will 
be  seen  just  outside  the  margin  of  the  bone,  separated 
from  it  frequently  by  pus.  Alteration  in  the  struc- 
ture of  the  shaft  may  or  may  not  be  present. 

In  chronic  periostitis  the  periosteal  layer  becomes 
generally  thickened,  a  slight  translucency  being  some- 
times apparent  between  it  and  the  shaft. 

Osteomyelitis. 

At  first  no  changes  are  seen  in  this  condition,  but 
later  translucency  becomes  apparent,  and  finally  areas 
of  necrosis  result.  The  bone  is  eaten  away  in  places, 
and  cavities  may  be  formed.  Within  these  sequestra 
may  lie,  which  appear  opaque  in  contrast  to  the  trans- 
lucent cavities.  The  latter  may  be  distinguished  as 
active  or  passive,  according  to  the  appearance  of  the 
walls,  which  are  irregular  in  the  former  instance,  and 
smoother  and  more  clearly  defined  in  the  latter.  In 
addition  to  these  changes  new  subperiosteal  bone  may 
be  formed,  which  causes  the  shaft  to  be  thickened 
and  appear  very  irregular  in  outline. 

Syphilis. 

In  this  disease  changes  are  produced  in  the  nature 
of  osteoperiostitis.  The  periosteum  becomes  greatly 
thickened,  and  the  compact  layer  of  bone  increases 
at  the  expense  of  the  medullary.  The  entire  shaft 
maybe  affected,  and  a  large  thickened  bone,  fusiform 
in  shape,  result.     Gummata,  the  opacity  of  which 

MOWAT  jq- 
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are  less  than  normal  bone,   may  be  formed,  and 
frequently  lead  to  erosion  and  rarefaction. 

Tubercle. 
Tuberculous  disease  may  commence  in  the  shaft  of 
a  bone  or  in  the  periosteum,  generally  in  the  former. 


Fig.  86.  Chrontc  Osteomyelitis  of  the  Shaft  of  the  Humerus. 
A  small  sequestrum  is  seen  lying  in  the  oval  cavity.  A  larger  sequestrum 
has  separated  above. 

When  the  periosteum  is  attacked  first,  it  may 
be  impossible  to  distinguish  the  lesion  from  simple 
periostitis. 

In  the  shaft  an  osteitis  with  rarefaction  is  first 
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seen,  which  may  result  in  necrosis.  Cavities  may 
be  formed  which,  as  in  osteomyeUtis,  become  more 
defined  when  the  heahng  process  commences,  and 
sequestra  may  be  apparent  within  them.     In  children 


Fig.  87.     Chronic  Osteomyelitis  of  the  Lower  End  of  the  Femur. 
Two  cavities  are  seen,  a  sequestrum  lying  in  the  upper  one. 

the  lesion  may  commence  in  either  the  epiphysis  or 
the  diaphysis,  generally  the  latter,  and  an  X-ray 
appearance  may  be  seen,  varying  greatly  in  extent 
from  a  small  early  focus  to  very  considerable  and 
wide  destruction  of  both  epiphysis  and  diaphysis. 

N2 
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Rickets  and  Achondroplasia. 

These  diseases  are  taken  together  as,  although 
in  both  cases  curving  of  bones  may  result,  the 
changes  at  the  epiphj^'seal  and  diaphyseal  junctions 


Fig.  88.    Tubercttlah  Dactylitis  of  the  Metacarpal  of  the  Index 

Finger. 

are  exactly  opposite.  Achondroplasia  affects  those 
bones  in  which  ossification  begins  before  the  sixth 
foetal  month,  while  rickets  is  a  disease  of  childhood, 
commencing  soon  after  birth.     In  the  former  con- 
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dition,  which  results  in  the  stunting  of  the  hmbs,  the 
zone  of  proliferation  between  the  epiphysis  and 
diaphysis  is  narrower  than  usual,  and  the  shadow  of 
the  margins  more  opaque  and  clearer,  owing  to  the 


Fig.  89„    Tubercular  Disease  attacking  the  Lower  Epiphysis  of 
THE  Femur.     Note  the  irregularity  of  the  margins. 

failure  of  the  epix^hyseal  cells  to  carry  on  their  normal 
function,  while  in  the  latter  the  zone  of  proliferation 
is  increased  in  width,  and  the  margins  more  translu- 
cent, wider,  and  badly  defined. 

In  rickets  the  medullary  spaces  are  increased,  and 
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the  periosteum  thickened,  so  that  the  typical  'rickety' 
long  bone  results,  with  a  curved  shaft  and  expanded 
ends.  In  addition  to  this,  cystic  degeneration  may 
occur  in  the  enlarged  medullary  spaces. 


Fro.  90,     Rickets.     The  diapliyses  are  expanded,  and  the  proliferation 
zone  increased  in  width. 


Osteitis  deformans. 

This  complaint,  which  is  associated  with  enlarge- 
ment of  the  head,  and  bow  legs,  is  known  as  Paget' s 
Disease. 

The  bones  affected,  generally  the  femur,  exhibit 
in  a  radiogram  an  appearance  which  is  described  as 
'  mortar-like  '.  Their  structure  is  enlarged,  and  their 
detail  lost  owing  to  the  compact  portion  of  the 
bone  being  absorbed.  Fractures  and  bony  cysts  are 
frequently  associated  with  the  other  changes. 
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Osteitis  fibrosa. 

The  chief  feature  of  this  disease,  which  is  associated 
with  the  name  of  von  Reckhnghausen,  is  the  forma- 
tion of  cysts  in  the  bony  tissues. 


Fig.  91,     Achondroplasia.     The  diaphyseal  border  is  very  dense,  and 
the  proliferation  zone  decreased  in  width. 

If  a  radiogram  is  carefully  examined,  it  will  be 
noticed  that  the  ordinary  markings  are  lost,  and  that 
longitudinal  striations  take  their  place.  Such  bones 
are  very  liable  to  spontaneous  fracture,  and  care  must 
be  taken  to  distinguish  the  appearance  from  that  of 
sarcoma. 


184      X-EAYS  :  THE  INTERPRETATION 

Osteomalacia. 

The  shadow  thrown  by  long  bones  in  osteomalacia 
is  unmistakable,  as  the  shafts  are  extremely  narrow 
on  account  of  the  absorption  of  the  compact  layer, 
and  the  extremities,  in  contrast,  are  greatly  widened 
and  very  translucent. 

The  whole  appearance  is  described  by  the  title 
which  has  been  applied  to  such  bones — '  drumstick  '. 

As  a  result,  bending  is  common,  and  fractures 
may  also  occur.  The  disease,  as  is  well  known,  also 
affects  the  spine  and  pelvis. 

Exostosis. 

An  exostosis  is  a  spur  of  bone,  which  is  seen,  under 
an  examination  with  the  rays,  to  be  continuous  with 
the  shaft,  often  growing  from  it  by  a  pedicle.  Such 
a  spur  is  frequently  observed  in  the  neighbourhood 
of  a  joint,  and  is  characterized  by  the  fact  that  the 
unattached  end  points  away  from  the  articulation. 

Enchrondroma. 

These  are  generally  many  in  number,  and  invade 
either  the  fingers  or  toes  more  frequently  than  other 
parts. 

The  portion  of  the  bone  attacked  shows  expansion, 
and  the  translucent  oval  enchrondroma  is  surrounded 
by  a  peripheral  opaque  margin  of  bone.  The  appear- 
ance is  somewhat  similar  to  that  seen  in  cysts  (from 
which  they  must  be  distinguished  by  their  number 
and  distribution),  and  in  myeloid  sarcoma.  This 
latter  disease,  which  is  the  mildest  form  of  sarcoma 
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to  attack  bony  structures,  although  in  appearance  it 
is  like  a  bone  cyst,  may  be  diagnosed  from  it  by  the 
fact  that  it  causes  more  expansion,  and  the  spreading 


Fig.  92.    Multiple  Enchondeomata. 

margin,  which  increases  with  greater  rapidity,  is  not 
so  clearly  defined. 

Periosteal  sarcoma  presents  an  appearance  of  irre- 
gular thickening  of  the  periosteum,  the  shadow  being 
somewhat  indefinite,  and  blurred  in  appearance. 
This  must  be  distinguished  from  the  thickening  of 
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muscular  tissues  in  the  neighbourhood  of  bones  and 
joints,  known  as  myositis  ossificans,  which  is  generally 
traumatic  in  origin,  and  in  which  the  opacity  is  more 
clearly  defined  and  definite. 


Fig.  93.  Cystic  Degeneration  of  the  Shaft  of  the  Humerus. 
Little  expansion  is  present  and  a  definite  line  of  demarcation  is  seen. 
Both  these  points  contraindicate  malignancy. 

Central  Sarcoma. 
Sarcoma  arising  from  the  actual  centre  of  the  bone 
may  be  extremely  malignant  in  character,  and  under 
these  circumstances  the  radiogram  will  show  almost 
complete  destruction  of  the  affected  part,  there 
being  an  apparent  lack  of  continuity  in  the  shaft, 
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owing  to  the  fact  that  disease  has  eaten  away  a  con- 
siderable portion  of  it. 

Milder  cases  give  the  appearance  already  described 
under  the  heading  of  myeloid  sarcoma. 


Fig.  94.     Myositis  Ossificans.     Note  the  shadow  in  the  region  of 

the  deltoid. 

Schlatter's  Disease. 
This  is  traumatic  in  origin,  and  is  characterized 
by  some  separation  and  irregular  ossification  of  the 
tubercle  of  the  tibia.  The  term  should  not  be 
applied  to  tubercular  disease  of  this  epiphysis.  A 
radiogram  of  the  opposite  tibia  should  always  be 
taken  for  comparison. 
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Calcaneal  Spurs. 

A  spur  of  bone  is  frequently  seen  by  means  of  the 
rays,  growing  from  the  lower  border  of  the  os  calcis. 
This  gives  rise  to  a  considerable  amount  of  pain,  and 
may  have  to  be  removed,  before  relief  is  obtained. 

Special  mention  is  required  of  the  condition  of  the 
teeth  and  the  alveolar  margins. 

In  order  to  obtain  a  radiogram,  dental  films  are 
used,  which  can  be  fitted  and  moulded  inside  the 
mouth,  so  that  apposition  is  obtained,  and  good 
detail  results.  By  this  method  retamed  roots  and 
unerupted  teeth  are  visible.  With  the  latter  condition 
a  dentigerous  cyst,  which  will  appear  as  a  translucent 
area  within  the  bone,  may  be  associated. 

The  most  important  use^  however,  at  the  present 
time  to  which  the  dental  film  is  put,  is  for  the  exami- 
nation of  the  alveolar  margins  in  cases  of  pyorrhoea 
alveolaris. 

In  this  disease  increased  translucency  will  be  appa- 
rent, frequently  resulting,  in  bad  cases,  in  necrosis  or 
even  abscess  formation. 

Examinations  are  frequently  made  for  the  obser- 
vation of  the  various  air- sinuses  in  the  skull.  The 
frontal,  ethmoidal,  and  sphenoidal  sinuses,  as  well  as 
the  maxillary  antra  and  mastoid  cells,  can  all  be  seen, 
and  alteration  in  opacity  will  point  to  the  presence 
of  either  thickening  or  pus. 

The  frontal  sinuses  can  be  examined  from  the 
front  or  side,  and  are  seen  to  be  equally  translucent, 
having  a  foliate  appearance,  and  being  of  fairly  equal 
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Fig.  95.     Postero-anterior  View  of  the  Bone?  of  the  Skull,  show- 
ing normal  foliate  appaarance  of  frontal  sinuses. 
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size.  It  must  not  be  forgotten  that  the  outhne  of 
one  sinus  may  be  lost,  not  only  on  account  of  the 
presence  of  pus  but  owing  to  the  fact  that  it  may  be 
entirely  absent. 

Joint  Lesions 

A  joint  may  be  affected,  owing  to  the  presence  of 
disease,  by  alteration  in  the  amount  of  the  fluid 
normally  present,  by  changes  in  the  synovial  mem- 
branes, and  finally  by  infection  of  the  cartilages  and 
articulating  bones.  In  simple  synovitis  the  bones 
composing  the  joint  will  be  lacking  in  detail,  owing 
to  the  fluid  contents  obscuring  their  outline.  Later, 
as  the  fluid  increases,  the  articulating  surfaces  may 
become  separated  to  some  extent,  and  if  the  synovial 
membrane  becomes  thickened,  some  additional  faint 
opacity  may  be  seen  in  the  radiogram. 

Arthritis  may  be  defined  as  an  inflammation  which 
involves  the  component  parts  of  a  joint.  The  origin 
of  such  inflammation  may  be  traumatic,  rheumatic, 
gonorrheal,  leucorrheal,  pj^ogenic,  tubercular,  sj^hi- 
litic,  pneumonic,  or  neurotrophic.  In  some  cases  the 
attack  is  acute  in  form,  in  others  chronic.  In  the 
acute  forms  the  articular  cartilages  become  destroyed, 
and  the  bones  in  the  neighbourhood  acutely  inflamed. 
Such  types  are  generally  pj^ogenic  or  rheumatic  in 
origi]!. 

The  tubercular  cases,  which  give  rise  to  the  con- 
dition known  as  '  white  swelling  ',  commence  with 
changes  in  the  synovial  membrane,  which  becomes 
pulpy.     Fringes  of  synovial  membrane  spread  over 
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the  articular  cartilages,  and  finally  the  cancellous 
tissue  of  the  bones  becomes  destroyed. 

The  syphilitic  type,  on  the  other  hand,  causes 
a  passive  effusion,  followed  by  an  eating  away  of  the 
bone,  which  becomes  pitted  and  excavated. 

The  chronic  cases  may  be  mono-articular,  or  poly- 
articular. The  bones  become  exposed,  hardened, 
and  sclerosed.  The  articular  ends  become  worn 
away,  and  the  sjniovial  membrane  thickened.  New 
bone  may  be  formed,  and  osteophytes  and  lipping 
result.  Little  effusion  is  present.  These  changes 
will  be  observed  by  means  of  the  rays,  but  in  some 
chronic  cases  no  appreciable  alteration  is  apparent, 
and  it  becomes  a  matter  of  difficulty  to  classify  the 
various  types,  especially  when  such  a  variety  of 
terms  as  '  rheumatoid  arthritis  ',  '  rheumatic  gout ', 
and  '  osteoarthritis  '  are  used  in  a  loose  fashion.  Two 
very  definite  types  of  chronic  arthritis,  however, 
emerge,  one  in  which  new  bone  is  formed,  and  the 
other  in  which  the  bones  become  atrophied. 

In  the  latter  cases  great  deformity  results,  and  the 
bones  are  seen  by  means  of  the  X-rays  to  stand  out 
very  clearly,  being  more  translucent  than  normal. 
Pitting  and  erosion  is  observed,  while  the  articular 
spaces  between  the  bones  become  lost. 

The  type,  which  is  characterized  by  the  presence  of 
new  formation  of  bone,  shows  the  presence  of  sclerosis 
by  the  increased  opacity  at  the  articular  ends,  and 
the  growth  of  osteophytes.  Small  nodes  may  be 
seen  at  the  lateral  borders  of  the  phalanges  of  the 
hands,  which  were  first  described  by  Ironside  Bruce, 
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and  are  said  to  be  present  more  especially  in  gouty 
cases  of  this  type. 

To  these  two  varieties  the  form  in  which  no  bony 
changes  are  present  must  be  added.  These  are  fre- 
quently gonorrheal,  or  leucorrheal,  in  origin. 

When  arthritis  attacks  the  vertebral  column  the 


Fig.  96.  Arthkitis  of  Wrists  and  Hands  (atrophic  type).  The 
bones  of  the  WTist  are  eroded,  and  those  of  the  fingers  atrophied  and 
eroded. 

condition  is  known  as  '  spondylitis  deformans '. 
New  bone  is  laid  down,  and  finally  the  bodies  may 
become  fused  together,  causing  the  outline  of  the 
spine  to  become  rounded. 

The  neurotrophic  variet}^  of  arthritis,  which  may 
be  brought  on  by  the  presence  of  tabes  dorsahs  (when 
it  is  known  as  Charcot's  Disease),  and  syringomyeHa, 
shows  evidence  of  deformity  at  the  articular  ends, 
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which  eventually  become  worn  away, 
are    frequently    present    within    the 


Loose  bodies 
joint,    which 


Fig.  97.  Arthkitis  Defoemans  of  the  Hep-joint.  The  head  of  the 
femur  is  altered  in  shape,  the  articular  surface  is  greatly  destroyed,  and 
osteophytic  thickening  is  also  visible. 

becomes  disorganized  with  remarkable  rapidity  when 
once  the  disease  has  started.  Dislocation  of  the 
hip  may  result  from  the  involvement  of  that  joint. 
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Fig.  98.    Synovitis  of  the  Knee-joint,  tijbeecuiar  in  oeigin.    The 
articulations  show  the  typical  blurred  appearance. 
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Tubercular  Joints. 

In  early  cases  no  changes  may  be  apparent,  and 
it  may  be  necessary  to  repeat  the  X-ray  examination 
several  times  before  the  first  signs  are  seen. 

Increased  translucency  may  alone  be  noted,  and 
will  signify  an  infection  of  the  synovial  membrane. 


Fig.  99.     Tubercular  Disease  of  the  Head  of  the  Humerus. 

If  the  surfaces  of  the  bones  become  attacked  erosion 
will  result,  and  later  necrosis.  The  appearance  which 
characterizes  the  presence  of  active  tubercular 
trouble  is  described  as  being  '  woolly  ',  when  the 
outlines  of  the  structures  are  considerably  blurred. 
In  the  later  stages,  when  atrophy  has  resulted  through 
disuse,  the  term  applied  is  'sketchy',  as  though  the 
details  had  been  drawn  in  with  a  fine  pencil. 

02 
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Fig.  100.     Tubercxjiab  Disease  of  the  Hip-joint.     The  head  and 
neck  of  the  femur  are  extremely  translucent. 
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In  children  the  diagnosis  of  early  tubercular 
trouble  is  exceedingly  important,  and  fortunately  in 
the  hip-joint  there  is  no  great  difficulty  in  observing 
the  changes,  which  may  affect  both  the  epiphysis  of 


Fig.  101.  TuBEKCULAR  Disease  of  the  Second  and  Third  Lumbar 
Vertebra.  The  intervertebral  disk  between  these  two  bones  is  partially 
destroyed. 

the  head  and  also  the  acetatular  margin,  in  the  early 
stages.  In  the  knee-joint,  however,  it  may  be  neces- 
sary to  make  repeated  examinations  before  any  light 
can  be  thrown  upon  the  case. 

When  the  spine  is  involved  the  antero-posterior 
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view  will  show  erosion  of  the  vertebrae  with  collapse 
of  the  intervertebral  disks.  A  great  deal,  however, 
can  be  learnt  from  a  lateral  view,  when  the  normal 
bone  becomes  '  peg  '-shaped,  owing  to  the  partial 
destruction  of  the  body. 


Fig.  102.  Tubercular  Disease  of  the  Fourth  Lumbar  Vertebra. 
Albi's  operation  has  been  performed,  and  the  transplanted  portion  of  the 
tibia  is  seen  in  situ. 


In  concluding  this  chapter  it  is  necessary  to 
mention  the  subject  of  cervical  ribs.  These  may  be 
single  or  double,  and  vary  in  size  from  a  small  pea- 
like growth,  separated  from  the  transverse  process 
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of  the  seventh  cervical  vertebra  by  a  line  of  articu- 
lation, to  a  fair-sized  rib,  which  maybe  double- jointed. 
An  enlarged  transverse  process  must  not  be  mistaken 
for  a  rib,  and  should  never  be  so,  when  it  is  remem- 


FiG.  103.  Absence  of  Large 
Portion  of  the  Shaft  of  the 
Tibia  following  Osteomyelitis. 


Fig.  104.  Bone  transplanted 
FROM  Right  Tibia  to  Space  in 
Left. 


bered  that  a  joint  always  Hes  between  the  rib  and 
the  transverse  process. 

The  presence  of  a  cervical  rib  causes,  through 
pressure,  symptoms  of  nerve  trouble  in  the  arm,  and 
is  frequently  removed  with  success,  when  such 
symptoms  are  severe. 
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Fig.  105.     Cervical  Ribs.     The  right  rib  is  double-jointed. 
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Fig.  106.     Ossification  of  the  Upper  Two-thikds  of  the  Inter- 
osseous Membrane  between  the  Radius  and  Ulna. 
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Abscess  of  lung,  114. 
Accumulator,  49,  53. 
Adjustable  spark  gap,  33. 
Air-sinuses,  188. 
Alternating  main  current,  42. 
Aluminium  cells,  44,  51. 

filter,  16,  66. 
Ampere,  20. 
Amperemeter,  55. 
Aneurism,  108. 
Anode  or  anticathode,  4. 
Antero-posterior  view,  84. 
Aortic  regurgitation,  107. 
Apices,  103. 
Arthritis,  190-3. 
Auxiliary  anode,  7. 

Bauer  air  regulator,  7. 
Benoist's  radiometer,  9. 
Bismuth  (1)  meals,  121. 

(2)  emulsion,  121. 
Bone  diseases,  174-99. 

injuries,  157-73. 

lesions,  176. 
Breaks  or  interrupters,  33. 

(1)  mercury, 

(2)  electrolytic,  34,  98. 

Calcareal  spurs,  188. 
Cancer  of  stomach,  137. 
Cardio-hepatic  angle,  102. 
Cardio-jjhrenic  space,  102. 
Cardioi3tosis,  100. 
Central  sarcoma,  186. 
Cervical  ribs,  198. 
Charcot's  disease,  192. 
Colitis,  143. 
Condenser,  27. 
Continuous  current,  22. 
Control  switch,  59. 
Coxa  vara,  172. 
Coxa  valga,  173. 
Cysts,  184. 

Developing  plates,  86. 
Ilford  formula,  86. 
fixing  formula,  87. 


Diajmragm,  61. 

Diaphragmatic  movements,  101. 
Digestive  tract,  120-4. 
Dislocation,  157. 

head  of  femur,  169. 

shoulder,  161. 
'  Dreadnought '  intermpter,  37. 
Duodenum,  138. 
Dynamo,  52. 

Electric  spark,  1. 
Electrons,  2. 
Electromotive  force,  19. 
Electrolytic  break,  39-41,  55. 

interruiitor,  44. 
Emphysema,  112. 
Empyema,  110. 
Enchrondroma,  184. 
Equivalent  spark  gap,  10. 
Exostosis,  184. 

Fibrosis  of  lung,  113. 
Fixed  positions,  83,  157. 
Flash-light  radiograms,  98. 
Fluorescent  screen,  66. 
Foreign  bodies  in  the  eye,  80-2. 
Fractures,  157-73. 

simple  and  compound,  162. 
Functional  disease  of  stomach,  133. 

'  Gaiffe  '  interrui^ter,  36. 
Gas-bag,  39. 
Gastric  ulcer,  134. 

Hampson's  scale,  76. 
Hydro-nejihrosis,  156. 
Hydro-jineumothorax,  112. 

Ileum,  140. 

Induction  coil,  21-4,  31. 

primary,  26. 

secondary,  26. 

sizes,  33. 
Intensifying  screen,  69. 
Interrujiter,  21. 
Inverse  current,  68. 
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Joint  diseases,  190. 
injuries,  157, 

Kathode,  4. 
Kathode  rays,  3, 
Kidneys,  148. 

Lateral  positions,  84. 
Large  intestine,  141. 
Locahzation  of  foreign  bodies,  70. 
methods,  71. 

(1)  right-angled  planes,  71. 

(2)  triangular,  72. 

(3)  parallax,  77. 
Lorenz  method,  172. 

Mackenzie  Davidson  method,  73- 

81. 
Main  switch,  54. 
Median  opacity,  99. 
Mediastinal  new  growth,  109. 
Mercury  break,  34-9. 

dipjier  principle,  34. 

turbine  or  jet  type,  35. 
Mesenteric  glands,  155. 
Milliamperemeter,  67. 
Mitral  stenosis,  107. 
Motor  generator,  43. 
Motor-magnetic  interrupter,  36. 
Myeloid  sarcoma,  184. 
Myositis  ossificans,  186. 

Negative,  85. 
Nieve's  hammer,  28. 

Oesophageal  obstruction,  124. 

foreign  body,  126. 

functional  causes,  126. 

pressure,  126. 
Ohm,  20. 
Ohm's  law,  20. 

Oliver  Lodge  valve  tube,  31,  32. 
Orthodiagraph,  100. 
Oscilloscope,  68. 
Osteitis  deformans,  182. 
Osteitis  fibrosa,  183. 
Osteomalacia,  184. 
Osteomyelitis,  177. 

Pelvic  blotches,  154. 
Peribronchial  phthisis,  104. 
Pericarditis,  107. 
Periostitis,  176. 
Periosteal  sarcoma,  185. 
Pilot  lamp,  55. 


Plates,  86*. 
Pleurisy,  110. 

effusion,  110. 
Plumb-bob  apparatus,  60. 
Pneumonia,  113. 
Pneumothorax,  111. 
Postero-anterior  jiosition,  84. 
Primary  current,  21,  25. 

batteries,  47. 
Protection  from  X-rays,  68. 
Pulmonary  new  growth,  114. 

tuberculosis,  114-19. 
Pyo-nephrosis,  156. 
Pyo-pneumothorax,  112. 
Pyorrhoea  alveolaris,  188. 

Regulator,  6. 
Renal  calculi,  152. 

new  growth,  156. 
Resistance,  19. 
Reverse  current,  31. 
Rheostat,  22. 

Rickets  and  achondroplasia,  180. 
Right  anterior  oblique  position,  98- 
106. 

Sabouraud  pastille,  17,  66. 
Safety  fuses,  56. 
Sources  of  supply,  18. 
Schlatter's  disease,  187. 
Schonberg  apparatus,  58,  62. 
Screen,  66. 

(1)  fluorescent,  66. 

(2)  intensifying,  67. 
Screen  examination,  85,  98. 
Sclerosis,  191. 

'  Series  '  resistance,  24. 
Shenton's  methods,  72. 
Shunt  resistance,  24. 
Snook  apparatus,  45,  46. 
Spondylitis  deformans,  192. 
Static  machine,  52. 
Starting-switch,  55. 
Stereoscope,  78. 
Stomach,  128. 
Switch-board,  54. 
Synovitis,  190. 
Syphilis,  177. 

Telephone  probe,  70. 
Thorax,  97. 

screen  examination,  98. 
Transformer,  45. 
Treatment  stands,  64. 
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Trolley-table,  54,  66. 
Tubercular  bone,  178. 

joints,  195. 

kidney,  156. 

spine,  197. 

Upright  stands,  63. 
Ureteral  calculi,  153. 
Urinary  tracts,  145. 

Valve  tubes,  31,  33. 
Valvular  disease  of  heart,  107. 
Vesical  calculi,  155. 
Viewing  box,  88. 
Volt,  19. 
Voltaic  cell,  48. 
Voltmeter,  55. 


Watt,  20. 

Water-cooled  tubes,  5. 
Wehnelt  interrupter,  39. 
Wheatstone  stereoscope,  79, 
Wimshurst  machine,  53. 

X-rays,  production,  1. 
X-ray  table  or  couch,  58-61. 

compression  apparatus,  62. 

diaphragm,  61. 

plumb  bob,  60. 

tube  box,  58. 
X-ray  couch  as  operating  table,  70. 
X-ray  tubes,  3. 

alterations  produced  by  use,  12. 

Cyclops,  6. 

hard  and  soft,  9-14. 

water-cooled,  5. 


